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The Pentagon system, with 67 million vehicle-miles of travel a year, has an almost perfect safety record. 


HIGHWAY SAFETY 


By THOS. H. MacDONALD, 


Commissioner of Public Roads 


Driver Behavior—Key to Safe Highway Design 


The Society of Automotive Engineers’ Second David Beecroft Memorial Lecture 


In our knowledge of the manner in which 
highways are used by the mass of traffic, 
we have reached the point at which we can 
coordinate driver behavior under prevailing 
traffic conditions with the geometric details 
of highway design. The degree to which the 
criteria so determined are accepted and in- 
telligently applied in practice will determine 
the degree of safe efficiency of our future 
highways. 

Our principally used street and highway 
systems are largely the product of the past 

Most of the improved 
mileage has been built under public pres- 
sures, and also by legislative edict, to stretch 

-the dollars over maximum lengths. In 
general, the design tolerances have been 
too meagei for today’s quantity and char- 
acteristics of traffic. Traffic-overloaded 
highways are one of the chief underlying 
causes of highway accidents. 

Geometric highway design to induce 
proper driver behavior in traffic streams 
will require rebuilding or rehabilitation of 
the major mileage of both the primary and 

principal secondary routes to more liberal 
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The cost will exceed annual 
expenditures heretofore reached, and will 
require a long period—a minimum of 15 
years and probably longer. Carefully 
planned annual programs of rehabilitation 
are an emergency need. 

The appealing angle of highways de- 
signed for safe operation is that safe designs 
cost no more than unsafe designs, if total 
costs are considered. The initial cost of 
constructing a highway is only one element, 
and far less costly than other elements, of 
the total annual cost of highway transport. 
The costs of owning, maintaining, and op- 
erating more than 40 million motor vehicles 
are many times the expenditure for high- 


When 


these total costs to road users are considered, 


standards. 


way construction and maintenance. 


plus the value of lost time for the millions 
of passenger cars used for business and for 
all vehicles operated by paid drivers, and 
the value of saving in time on the invest- 
ment of farmers, merchants, and indus- 
trialists in their vehicles and in the mer- 
chandise carried, there are few highways 


indeed for which the small additional in- 
vestment to design for safer operation can- 
not be justified on the economic basis of 
returns to road users. When there are 
added to these costs the cost of highway 
accidents that can be prevented by high- 
ways designed for safety, the economy of 
such highways is unassailable. Incident- 
ally, highway engineers too long 
wrecked professional conviction against 
the stone wall of comparative ‘‘per mile’’ 
costs. We need a new concept that recog- 
nizes the actual passenger-mile and ton- 
mile services returned as the _ realistic 
measure of highway construction costs. 


the 


national scale will be realized all too slowly. 


have 


Highways designed for safety on 


There are many accidents which highways 
designed within cost possibilities cannot 
prevent. The only hope of maintaining the 
downward trend of accidents, particularly 
fatal accidents, is the vigorous application, 
enforcement, and popular support of the 
Action Program of the President’s High- 


way Safety Conference. 
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This well-planned highway easily and safely carries 10,000 vehicles a day 
at reasonable speeds. 


HROUGH the many years of his activities 

in the rapidly expanding fields of automo- 
tive engineering and motor vehicle utilization, 
David Beecroft was a positive force for tech- 
nical progress. He constantly brought to his 
associates the impression of a restless inner 
drive to secure action, and an eagerness, 
merging into impatience, to defeat delays in 
moving toward higher standards of excellence 
for the many diverse components that must be 
integrated and perfected to provide the desired 
end product—efficient highway transport. 
He insisted that the attack on each problem 
accord with sound techniques, and believed 
that advance comes through research. In 
1921, when president of the Society of Auto- 
motive Engineers, he said: ‘““The roots of the 
present are always found in the past, and we 
must study the past if we are to proceed cor- 
rectly in interpreting sanely the days that are 
to come.” , 

We might, perhaps, modestly record the 
progress that has been made in highway trans- 
port development since Mr. Beecroft gave 
expression to this principle. After four dec- 
ades of accelerated growth in the extent and 
varieties of services provided by the motor 
vehicle, it is self-evident that in this period no 
other single factor has so profoundly affected 
the pattern of social and economic life in these 
United States. A particularly impressive 
chapter of the record would disclose the realized 
strength that highway transport provided the 
United States for both defense and offense 
during World War II. 

It is more consistent with Mr. Beecroft’s 
philosophy, however, to use the experience of 
the past to insure the complete rejection of 

_the fatalistic suspicion that the current in- 
efficiencies and hazards of highway transport 
are necessarily inherent. 

If we are to gain mastery over highway 
transport as an efficient tool for national 
progress, and stop the toll that we are paying 
for its use in the tragic loss of life, the per- 
manent injuries, and the financial costs of 
accidents that no nation, however wealthy, 
can afford, we must critically re-examine our 
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policies and practices, particularly the think- 
ing back of these, to find the causes that are 
responsible for our failures. We know we 
have taken many wrong turnings. Changing 
conditions require new horizons in our applied 
techniques as knowledge is unfolded and ex- 
perience is more precisely interpreted. It is 
profitless to speculate upon what we might 
have done had we foreseen, in the early years, 
a reasonable fraction of the dimensions to 
which highway transport was so rapidly to 
grow, or had we anticipated more realistically 
its characteristics in actual operation. 

It is a high honor to follow, in this series of 
papers,! Mr. Paul G. Hoffman, who in 1947 
presented the first David Beecroft memorial 
lecture. There is, in the general confidence 
of his fitness to carry the world-wide respon- 
sibility as head of the Economic Cooperation 
Administration, a recognition of his major 
contribution and efforts to bring highway 
safety into effective unity with our everyday 
living. 

In the ECA program the United States has 
accepted high international responsibility in 
the struggle to achieve democracy, which es- 
sentially means cooperation and coordination. 
The principle must be accepted and applied to 
every major feature of our national life if we 
are to be an example of our ideology worthy 
of the emulation of other nations. Highway 
transport consists of so many elements that 
we can only secure an excellent standard of 
service as we approach complete cooperation 
and coordination. On this premise, it ap- 
pears to be responsive to the purpose behind 
the series of papers set in motion by Mr. 
Beecroft, to explore the present state of the 
art in the single field of highway design in 
relation to highway safety. 

In this particular and limited field there is 
urgent need for a major shift in the approach 
to the determination of the geometric design. 
Since major changes in our thinking and in 
our policies applied in this field are indicated 

1 This paper was presented as the second David Beecroft 


memorial lecture at a meeting of the Society of Automotive 
Engineers in Washington, D. C., November 16, 1948. 


by the findings of intensive research now 4 
available, it may, by inference, be expected _ 


that need for major changes exists in other 
elements of highway transport. It is hoped 


that future papers in this series may present. 
the record of the present, and also new con-— 


cepts in the allied fields of motor-vehicle 
design, motor-vehicle administration, par- 
ticularly driver licensing and driver training, 
traffic laws, enforcement, and safety education 
designed to fortify driver behavior with dis- 


ciplined attitudes of mind. These are all © 


interrelated and interdependent, and our 
mastery of the whole problem of street and 
highway transport with safety depends upon 
mastery in each of these fields. 

This paper purports only to record the 
devoted work of many individuals and many 
organizations to advance the cause of high- 
way safety. The Action Program of the 
President’s Highway Safety Conference, the 
extensive work of the Automotive Safety 
Foundation, that of the National Safety 
Council, and of many others, are reflected in 


the conclusions reached. The factual data — 


are the product of the Department of Research 
of the Public Roads Administration under 
Deputy Commissioner H. 8. Fairbank, and 


in particular result from detailed research of — 
O. K. Normann, Carl Saal, C. W. Prisk, © 


W. P. Walker, A. Taragin, and others who 

have engaged in the field of traffic research 

intensively and devotedly over many years. 
The application of such data to design 


practices of Public Roads is the product of — 


the Department of Design under Deputy 
Commissioner H. E. Hilts and his associates. 
There is particular response to the advance in 
design requirements by the Urban Division 
under Joseph Barnett. 

The effort has been made to eliminate per- 
sonal opinion, and to substitute conclusions 
supported by detailed observations of con- 
trolled research carried on over a sufficient 
period and with adequate repetition to justify 
confidence in the results. 
the intention to reflect an implication of 
finality. Continuing research will refine and 
illumine problems which are as yet obscure, 
but it is certain that driver behavior en masse 
is the key to safe highway design. 


THE BACKGROUND OF HIGHWAY 
DESIGN 


For too long, and in too great degree, high- 


way design has been distorted by the tyranny — 


of wrong concepts. Most important of these 


It is, however, not — 


in its adverse impacts is the error of thinking ~ 
of the motor vehicle as static in relation to the — 


highway. 
takes on very different qualities. 

When the motor vehicle first appeared, it 
was held to be a legal interloper on highways 
whose function 
traffic. As the number increased, only minor 
concessions were made to its higher speed, in 
the way of superelevated curves—probably 
borrowed from prior railroad practice. The 


effects of railway engineering tenets upon high- 5 


a“ 


way design are evidenced by the meager — 


tolerances which have been built into our 


In use, the vehicle is dynamic and © 


was to serve horse-drawn ~ 
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‘oads, reflecting operations on fixed tracks 
not subject to deviation from course. The 
otor vehicle in motion is highly flexible; but 
at relatively low densities of traffic the opera- 
tion begins to take on the character of stream 
‘flow, and the individual vehicle loses its 
identity and its freedom. As an_ integral 
part of a traffic stream, each vehicle affects, 
and is affected by, all of the other vehicles in 
its own flow line and in contiguous streams. 
The old adage—the proper study of man- 
kind is man—is not only scientifically correct, 
but is the only approach to the problem of 
highway design with maximum safety. Hu- 
-man behavior at the wheel, with foot on the 
‘accelerator rather than the brake, is the all- 
important criterion for highway design. The 
implication here is not an invitation to speed, 
or to design with the objective of high speeds. 
Driver behavior en masse reflects normally 
‘average rural speeds of 42 to 48 miles per 
hour when reasonable freedom is permitted. 
As cars are designed, the foot on the accelerator 
is the normal driving position, and through 
the accelerator the driver expresses not only 
his desire to reach an objective, but in addition 
‘a wide range of reactions that may be con- 
“scious emotions or unconscious reflexes. The 
driver en masse is not designed for high speeds 
“with safety. Once the mean and range of 
‘human behavior are determined by precise 
“measurements extended to thousands of 
observations until the general pattern emerges, 
the design limits thus fixed will have sufficient 
_ tolerance to provide for the usual departures 
from the norm. Highway capacity adjusted 
to traffic volume is a major factor in safe 
highway design. True economy is served 
} only if this test is met, and thus safety 
becomes directly a measure of efficient as 
} well as economical] design. 
p The ratio of commercial vehicles to pas- 
senger cars has important effects upon the 
road capacity to carry traffic. In 1904 the 
ratio of trucks and busses to passenger cars 
was 1 to 78; by 1910 this ratio had become 1 
Histo 45; in 1920, 1 to 7.3; in 1930, 1 to 6.5; 
in 1940, 1 to 5.9; and it is expected that for 
1948 the ratio will be about 1 to 4.5 (see 
_ table 1). The percentage of commercial 
“ehicles in the total daily traffic flow is con- 
| 

















inuing to increase, and for this reason more 
adequate recognition of the requirements of 


_ The influence of increasing the percentage 
a commercial vehicles upon the total capac- 
_ Table 1.—Registrations of automobiles and 
3 of trucks and busses 





Registrations Ratio of 





eueks 
an 
Year ‘Kutomo~ | .rTucks busses to 
a 5 | and Total automo- 
2 busses biles 











54, 590 700 





1904 55,290 | 1 to 78.0 
1910 458, 377 10, 128 468, 500 | 1 to 45.3 
1920 | 8,131,522 | 1,107,639} 9,239,161 | 1to 7.3 
1930 | 22,972,745 | 3, 559, 254 | 26,531,999 | 1 to 6.5 
1940 | 27,372)397 | 4, 663, 027 | 32,035,424 | 1to 5.9 
1947 | 30,718, 852 | 6,641,611 | 37,360,463 | 1to 4.6 
. 33, 225,000 | 7,332,000 | 40,557,000 | 1 to 4.5 
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ity of multilane highways, under the favor- 
able conditions of uninterrupted flow, is 
illustrated in table 2. On two-lane highways 
this influence on capacity is more severe. 

In the years just prior to 1946 the national 
fatality rate was about 12.0 deaths per 100 
million vehicle-miles of travel. In January 
1946, the rate was 12.4. The President’s 
Highway Safety Conference was called in 
May 1946, and, notwithstanding the bad rec- 
ord of the first 3 months of that year, the up- 
ward trend was halted and turned abruptly 
downward so effectively that the year ended 
with a rate of 9.8. The wholehearted support, 
and the devoted interest and efforts of organ- 
izations, officials, and the public in putting 
into effect the Action Program developed 
through the Conference, are mainly responsible 
for the reduction in the fatality record to the 
estimated rate for 1948 of 7.8 per 100 million 
vehicle-miles. As this rate is lowered we must 
expect to reach a critical point at which a con- 
tinuing decrease will prove impossible through 
education, enforcement, and the other Means 
which have been responsible for the splendid 
record made since May 1946, | 

In addition there must be the reduction, 
through the general use of higher standards 
of highway design, of the current fantastically 
high accident potentials. The astronomical 
number of accidents that do not happen is 
terrifying. As traffic volume increases, the 
accident possibilities—that is, the pressures 
for accidents—build up in geometric ratio. 
The accident potentials can only be reduced 
with certainty by reducing the possible con- 
flicts of traffic units. 

We know that major reductions in the fatal- 
ity rate can be made by providing properly 
designed, modern highway facilities, as is 
evidenced by the record of highways on which 
the accident potentials are greatly reduced. 
The following highways carry large volumes 
of traffic but have fatality rates as low as one- 
fifth to one-third of the national average 
because of the controlled-access design in 
which conflicts of all kinds—cross traffic, 
pedestrians, and traffic entering along the 
roadsides—have been materially reduced or 
eliminated: 


Death rate per 100 
million vehicle-miles 


Merritt and Wilbur Cross Park- 


Ways (1 946)e tess se pee 2 2.5 
Chicago Outer Drive (1946)____ 2.9 . 
Riverside Drive, California 

(104 b44 re See Per eh 3. 0 
Arroyo Seco Parkway (1941- 

LANs cr Suhinng Boys Ree eat 3.9 
Metropolitan New York Park- 

way System (1938-48) _ __-_- 2.'5 
Pentagon network, Washington, 

DSC. (1942-48) ose os 1.5 


The Pentagon network is composed of 17 
miles of one-way through roads, 7.7 miles of 
one-way connecting ramps, and 2.3 miles of 
two-way local service roads—a total of 27 
miles—on which travel for the period of 
slightly more than 6 years since its construc- 
tion is estimated at 337,500,000 vehicle-miles. 
Five persons, three of whom were pedestrians, 
have been killed during this period. Further 


/ 


reference will be made to the observations of 
driver behavior on the roads of this system. 
Under the inspired, at times militant, leader- 
ship of Mr. Robert Moses, the Metropolitan 
New York Parkway System has set an example 
of highways designed on a scale commensurate 
with traffic requirements of reasonable speed 
with safety. The system, steadily expanding, 
now consists of 164 miles of multilane road- 
way, much of which is divided. The obstacles 
which have been met are somewhat indicated 
by the required 208 bridges. There are two 
details of design, which cannot be over-com- 
mended, that have been or are being put into 
practice as safety measures. One is the instal- 
lation of center curbs on the earlier undivided 
parkways: these have successfully eliminated 
the deadly head-on collisions. The other is 
the installation of paving blocks to support 
heavy vehicles on the shoulders when disabled. 
The Action Program of the President’s 
Highway Safety Conference lays great and 
proper stress upon the acceptance of individual 
responsibility for safety on the highways. 
Educators are increasingly stressing the impor- 
tance of “‘true personal participation” in con- 
trast to activity unrelated to the subject of 
study. Contrariness and individualism in 
respect to a desirable course of conduct dis- 
appear once the individual accepts his respon- 


_ sibility for safety of himself and others on the 


highway. 

The responsibility of the individual toward 
the public to preserve highway safety should 
be activated by school instruction, town meet- 
ings, community forums, local coordinating 
and action committees, support by the press, 
discussion groups—all of which are calculated 
to impress the individual with his responsi- 
bility to the public and in this way mold or 
remold the habits and attitudes relating to 
safety on the highways. 

When these approaches to the problem of 
accidents have been used, there still remains 
the very pertinent query, ‘‘What is the proper 
attitude of the public toward the driver?” 
Basically, the individual driver has his limita- 
tions of habits, of capabilities, and the handi- 
caps of his own perception and reaction times. 
Each driver in a stream of traffic loses his free- 
dom of action in a high degree, and is circum- 
scribed by the actions of others. His per- 
formance is limited by, and becomes part of, 
the traffic flow, which is a composite of the re- 
actions of a multitude of drivers. Thus the 
responsibility of the public to the individual 
driver is, first, to determine the characteristics 


‘of traffic flow lines, and second, in harmony 


with this knowledge, to provide the facilities 


Table 2.—Effect of commercial vehicles on 
practical capacities of multilane highways 


Percentage of passen- 
ger-car capacity on 
flat terrain 


Proportion 
of commer- 
cial vehicles 
to total 
traffic 





Rolling 
terrain 


Flat ter- 


rain 





Percent Percent Percent 
None 100 
10 


20 
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for safe use. The dynamics of these speeding 
streams of traffic most directly influence the 
design features which we term geometric. 
These are alinement, profile, plan of inter- 
section, clearances, horizontal dimensions of 
the highway cross section, and the many 
details which we group under the general term 
of highway design. 


PRINCIPAL HAZARDS OF THE DESIGN 
CHARACTERISTICS OF EXISTING 
HIGHWAYS 


The outstanding hazard of our streets and 
highways is undercapacity for the traffic load. 
Nearly half of the rural highways carrying 
1,000 vehicles per day and over are less than 
20 feet in width. On each mile of such high- 
way, over 60 times per hour, or once each 
minute, a vehicle is encroaching upon the left 
lane when meeting an oncoming vehicle. 
Expanding these figures to the many miles of 
rural highways in this country, the accident 
potential reaches unrealized dimensions. The 
length of time that a vehicle in passing another 
vehicle occupies the lane used by the oncom- 
ing traffic, depends upon the width of pave- 
ment. On an 18-foot pavement vehicles 
occupying the left lane require 43 percent 
longer in passing than on pavements 24 feet 
wide. The pavement of the lesser width is 
not only more hazardous, but provides only 
70 percent of the capacity of the 24-foot 
pavement. 

Adequate shoulders are necessary to the 
efficiency of motor-vehicle operation. They 
are effective in increasing the traffic capacity 
of the highway, since bituminous-treated 
shoulders 4 feet or more in width adjacent to 
18- and 20-foot pavements, as compared with 
grass or gravel shoulders, increase the effective 
surface width approximately 2 feet. Increas- 
ing the effective pavement width results in 
fewer vehicles encroaching upon the left lane 
of traffic, and thus increases the traffic- 
carrying capacity of the highway. 

Shoulders also play a very important role 
in accident prevention in both rural and sub- 
urban areas where pedestrians are involved. 
In 1947, 25 percent of all rural pedestrian 
fatalities occurred while pedestrians were 
walking on the roadway. Were adequate 
shoulders available of the character necessary 
to provide usable footpaths, many lives would 
be saved. 

To gain the advantage of adequate shoul- 
ders, there should be no vertical obstructions 
such as retaining walls, bridge trusses, utility 
poles, guard rails, parked vehicles, or other 
objects near the traveled way. Obstacles at 
the edge of a 10-foot lane cause vehicles to 
travel 2.6 feet farther from the edge of the 
pavement than when the obstacles are not 
present. Even for lanes 12 feet wide the 
same positioning of obstacles causes vehicles 
to travel 1.8 feet farther from the pavement 
edge. Obstacles 4 feet or more from the 
pavement edge have only minor effect. The 
roadside obstacles, therefore, have the effect 
of reducing the pavement width. 

Adequate width of shoulder and a suitable 
surface for parked vehicles are necessary for 
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Table 3.—Average spacing between vehicles following other vehicles closely in the same_ 
lane at the same speed ‘ 


Two-lane highways 


Distance 
of travel 
per second 

Time 
spacing 


Distance 
spacing 








M. p. h. Ft./sec. Seconds 
10 14.7 2. 

20 : 1.43 

30 ; 1.41 

1.53 

1. 66 

1. 84 








1 Spacing measured from the rear bumper of one car to the front bumper of the following car. 


every highway regardless of its width. On 
the Merritt Parkway in Connecticut, two- 
thirds of the fatalities resulting from collisions 
between vehicles have involved a parked ve- 
hicle on the roadway. The German Auto- 
bahnen were built with divided paved road- 
ways, each 29.25 feet in width, thus providing 
capacity greatly in excess of normal require- 
ments. The shoulder width was 1 meter. 
In 1938, after a very few years of use of a 
limited mileage, Inspector-General Dr. Fritz 
Todt, the official in charge, stated that the 
decision had been made to add wider shoulders 
because of numerous accidents caused by ve- 
hicles standing on the pavements. This ex- 
perience is compelling in establishing proof of 
the danger inherent in the vehicle parked on 
the roadway. Every other element which we 
rate as contributory was absent, and the 
standing vehicle per se was the cause of the 
accidents. 

Where sight distances on two-lane roads are 
so short that passing would be hazardous, it 
is customary to stripe no-passing zones. 
Observations were made on a 3,400-foot length 
of highway, of which about one-fourth was 
marked ‘‘no passing” by reason of sight dis- 
tances below 400 feet. Of the total number 
of passings made within this 3,400-foot 
length, more than 10 percent were started or 
completed in the restricted zone. On roads 
where no-passing restrictions comprise as 
much as 40 percent of their length, the volume 
of traffic that can be satisfactorily and safely 
accommodated is only about 80 percent of 
that which can be carried on a similar bighway 
free from sight distance restrictions. 

The road margin is the critical line of hazard 
on many of our existing highways. Recog- 
nition of this situation appears in a project 
just initiated in Michigan, in which a study of 
the locale of accidents with respect to taverns, 
gas stations, restaurants, and other roadside 
establishments is to supplement the more 
conventional facts analyzed in studies of 
traffic accidents. The unrestricted use of the 
road margin for entrance and exit at such 
locations causes driver confusion, disorderly 
parking, and other operating hazards. The 
growth in the number and popularity of out- 
door drive-in theaters is but a single example 
of the commercial exploitation of the road- 
side. The safety of motoring audiences, as 
they enter or leave these establishments in 
large numbers, has become a necessary con- 











































Four-lane divided highways 


Left lane Right lane 


Time 
spacing 


Distance 
spacing 


Feet 


Time 
spacing 


Distance 
spacing 


Seconds Seconds 





cern of highway authorities because of the 
effect on operating conditions on the adjoining 
highways. The most difficult obstacles the 
highway engineer faces in his effort to build 
safety into the highways are the lack of legal 
authority and effective legal machinery pro- 
vided to acquire sufficient right-of-way and to 
control the entrance to the public highway 
from abutting property. 

A characteristic serious fault of drivers is 
that of following too closely a car traveling 
in the same lane. The speed and the interval 
between the cars do not permit adequate per- 
ception and reaction time for the rear car to 
stop if the car ahead is brought to an unex- 
pected halt. This type of accident has the) 
potentials of a whole series of accidents, of tying _ 
up traffic, of causing much property damage, | 
and sometimes serious or fatal accidents. | 
The grave implications of this very common | 
practice are indicated in table 3. The per-/ 
ception and reaction times vary with individ- 
uals, but a safe assumption would hardly be 
less than 1.5 seconds. Tests of drivers have 
shown that the minimum reasonable reaction 
time alone is three-fourths of a second. 

The average time spacing between vehicles 
following at the same speed, for all speeds 
and for both two- and four-lane roads, is _ 
1.58 seconds; 16.2 percent of the traffic will 
have a time spacing of 0.75 seconds or about 
one-half the average. 


THE COMPONENTS OF ROAD DESIGN 
FOR SAFE OPERATION, AS INDICAT- 
ED BY DRIVER BEHAVIOR 


Alinement 


The alinement must be adjusted to the 
volume and type of traffic, the driving char- 
acteristics of the operators, and the dynamic 
effects of the mass movement. The alinement, 
selected, whether the highway be two, four, or 
more lanes wide, determines how effectively. 
and safely the completed facility will meet the’ 
demands of traffic. Sight distances between 
1,500 and 2,000 feet long are essential on any 
rural two-lane highway. The percentage of the 
length where sight distances of this magnitude 
should be available will depend on the volume) . 
and type of traffic which the highway must 
accommodate. On our main highways carrying 
high-speed through traffic, a sight distance of) 
at least 1,500 feet should be available on a> 
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_ tween 30 and 35 miles per hour. At this work- 
ing point, unusually high volumes that occur 


minimum of 60 percent of the route length if 
the highway is to accommodate peak traffic 
volumes as high as 500 vehicles per hour with 


safety. If it is unavoidable to introduce curva- 


ys 


_ able speeds. 


_ the peak volumes. 
speed of 30 to 35 miles per hour during peak 


ture which restricts the sight distance, it is 
essential to select an alinement free from sud- 
den changes that come as a surprise to the 
operator. Curves at the ends of long tangents 


are definitely more hazardous than the same 


curves located where the general alinement is- 
made up of a series of curves. 


Practical Working Capacities 


Accidents are inevitable on overloaded 
highways. Safe highways must have sufficient 
capacity to permit drivers to operate at reason- 
On main rural highways drivers 
generally accept, as reasonable, average run- 

ning speeds of 45 to 50 miles per hour during 
On urban expressways, a 


traffic volumes is reasonable. 

The working capacities for modern rural 
roads in terms of passenger cars per lane are 
450 per hour for a two-lane road, and 1,000 per 


_ hour for the lanes in the direction of heavier 


travel on multilane roads. At these traffic 


_ yolumes, under ideal roadway conditions, the 


_ drivers who so desire can safely travel at a 


speed of 45 to 50 miles per hour on rural roads, 


is although the average speed of all vehicles at 
any given point will be about 42 miles per hour 
as compared to an average speed of about 48 


miles per hour during low traffic densities. 
In urban areas the maximum practical 
working capacity for a modern multilane 


_ expressway is 1,500 passenger cars per hour for 


each lane in the direction of heavier travel. 


At this volume, drivers who so desire can 


safely average 35 to 40 miles per hour, and 
the average speed of all vehicles will be be- 


_ frequently for short periods can be handled 
_ without complete congestion. 


CF 

‘fe Lane Widths 
Fos 
The lane widths used for the design of our 






highways must be based on vehicles in motion; 


> 
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The need for wide shoulders is evident here. 


not on the actual size of the vehicles standing 
still. Most of our main highways have 
sufficient traffic of commercial vehicles to 
require 12-foot lanes for safe operating con- 
ditions. Eleven-foot lanes must only be con- 
sidered for highways carrying less than 1,000 
vehicles per day. The reduction in capacity 
by narrowing lanes is not only unsafe; it is 
definitely uneconomical—the cost of the addi- 
tional width is less than the proportional 
increase in capacity. The effect of lane 
width on capacity is shown in table 4. 


Two-Lane Highway Limitations 


The accident experience on two-lane high- 
ways shows that the death rate per million 
vehicle-miles increases with an increase in the 
traffic volume. Operating conditions on the 
average two-lane highway are not satisfactory 
when traffic volumes exceed 4,000 vehicles per 
day in flat terrain, or 3,300 vehicles per day in 
rolling ‘terrain. It is only for extremely low 
daily traffic volumes that a two-lane highway 
can safely accommodate a vehicle traveling 
over 60 miles per hour, regardless of excellent 
alinement. Design speeds that exceed 60 
miles per hour, to provide safe operating 
conditions, require four-lane divided highways 


‘if the volume exceeds 3,000 vehicles per day. 


On free-flowing highways where the higher 
speeds are safer, this very fact automatically 
lowers the top range by permitting a constant 
rate which satisfies most drivers. The average 
actual rate for two-lane highways of modern 
superior design is about 48 miles per hour. 
There is confusion of the terms ‘‘overload”’ 
and “congestion.’’ Congestion approaching 
stagnation may lower the frequency of serious 
accidents, but at the same time it defeats the 
utility of highway transport. Any concept 
that congested highways are safer completely 
overlooks the fact that each route has its own 
characteristic pattern of daily use. It may 
have an hour or a fraction of an hour of 
congestion once or twice daily, at peak traffic 
periods. These periods of congestion causing 
stagnation or incipient stagnation may be 
productive of numerous but not fatal acci- 
dents. The remainder of each 24 hours 


constitutes 90 to 95 percent of the time, 
during which there are much longer periods 
when the route is overloaded and a breeder of 
accidents. 


Multilane Highways 


Multilane highways of the divided type will 
accommodate three to six times as many vehi- 
cles per lane as a two-lane highway, and pro- 
vide greater safety. For average conditions, 
the width should be increased from four to 
six lanes when the volume exceeds 18,000 
vehicles per day in rural areas, or 32,000 
vehicles per day in urban areas, In certain 
areas of the country where seasonal, daily, 
and hourly fluctuations in traffic flow vary 
from the average condition, the practical 
capacity of a four-lane divided highway 
might be as much as 30 percent higher or lower 
than the above volumes. 


Shoulders are Essential 


Shoulders that will accommodate disabled 
vehicles and that may be used by moving 
vehicles in cases of emergency, during any 
weather conditions, are essential for safety on 
main highways. Adequate shoulders are also 
essential to realize the full capacity of the 
surface width. Without adequate shoulders, 
one disabled vehicle can reduce the capacity of 
both two-lane and multilane highways during 
peak periods by as much as 60 percent. There 
is at least one disabled vehicle for every 20,000 
vehicle-miles of travel on our main highways.? 
Furthermore, adequate shoulders increase the 
effective surface width for traffic when no 
disabled vehicle is present. Without a place 
of refuge outside the traffic lanes, one dis- 
abled vehicle can reduce the capacity of a 
highway by more than one lane, especially if 
the lanes are less than 12 feet wide. 

The disabled vehicle blocks one lane and 
reduces the capacity of adjoining lanes by 
restricting vehicle speeds. It may block all 
lanes in one direction, completely stopping 
traffic in that direction. The maximum 
capacity of a traffic lane with vehicles moving 
at 20 miles per hour is only 87 percent of its 
capacity at 30 miles per hour; at 10 miles per 
hour, only about 50 percent. A minor acci- 
dent which causes a reduction in speed can 
result in complete congestion when a facility 
is operating near its capacity. 


Table 4.—Effect of lane width on capacity 


Percentage of 12-foot lane 
capacity 


Two-lane rural 


Sonia Multilane 


express- 
ways at 
practical 
urban 
capacities 


Lane 
width 


At pos- At prac-” 
sible capaci-|tical capaci- 
ties ties 


Percent 
100 


Percent 
00 




















2 On the Oakland Bay Bridge, for example, during the peak 
hour when 6,700 vehicles use the 6-mile structure, an average 
of two vehicle break-downs can be expected,which will seriously 
affect the traffic capacity of the bridge. 
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Curbs and Lateral Clearances 


Any vertical member adjacent to a roadway 
constitutes a safety hazard and is an obstruc- 


tion to the free movement of traffic, unless it is . 


6 feet removed from the pavement edge. 
High vertical curbs of the so-called non- 
mountable type fall within this category, and 
when required they should be 6 feet removed 
from the traveled way in order to have no 
effect on traffic. If they are 3 or 4 feet away, 
however, their effect will not be critical. <A 
low sloping curb may be used adjacent to the 
roadway surface in conjunction with a high 
curb further removed. 


Drainage 


The provision of side ditches, gutters, and 
drainage structures, sufficient to prevent mud 
and debris from washing onto or collecting on 
the roadway surface during storms, is a 
necessary safety measure. Such foreign mate- 
rials constitute hazards in themselves by 
creating slippery pavement conditions; but of 
greater importance is the hazard created by 
drivers who, in attempting to avoid such 
materials, bring their vehicles into the paths 
of other vehicles. In the colder regions the 
formation of ice on pavements as a result of 
water collecting in poorly drained places 
presents a serious safety problem. 


Highway Intersections 


To provide safe operation at intersections, 
on rural through roads carrying an average 
traffic of 5,000 vehicles per day and over, the 
grades should preferably be separated at 
intersections with other major roads. 

Chief among the reasons for safety violations 
at intersections is congestion. The driver 
whose patience is exhausted is here the dan- 
gerous operator. Aside from relief of con- 
gestion, there are a number of measures that 
aid in minimizing hazards at intersections. 
Among these measures the following rank 
high: 

1. Corner sight distances consistent with 
the operating speeds of traffic, with due con- 
sideration of the method of traffic control 
employed. 

2. Safety islands for pedestrians at busy 
intersections where streets are wide and 
pedestrian traffic is heavy. 

3. Separated turning lanes, especially on 
high-speed or moderately high-speed divided 
highways, to enable turning vehicles to 
decelerate and stop, if necessary, clear of the 
lanes used by through traffic. 


Railroad Grade Crossings 


All main-line railroad grade crossings of 
highways which carry substantial traffie flows 
should be separated. Because of the cost and 
the pressures for other highway improvements, 
the elimination of crossing hazards by con- 
struction of separation structures will be de- 
layed at many locations. Consequently, 
grade-crossing protection should proceed rap- 
idly. Particularly effective are the installa- 
tions of the short-arm automatic gates. These 
have.some obvious maintenance and cost ad- 
vantages over the long-arm gate installations, 
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An accident a mile away resulted in this 
concentration of traffic. 


and provide a barrier which experience has 
proven adequate. Though the combined 
short-arm gate and flashing signal installation 
is somewhat more expensive than that of the 
flashing signal alone, this type should be uni- 
formly used for all main-line crossings at 
grade, regardless of the number of tracks. 
This position is reflected in the present policies 
of the Public Roads Administration. 


Loading Recesses 


The destined function of practically all of 
our highway mileage, both new and old, is to 
provide service to all classes of traffic. The 
peculiar needs of commercial and mass-transit 
vehicles, not. only in their steady flow move- 
ments but also at their terminals, transfer 
points, and roadside stops, require attention 
in shaping the physical features of the road- 
way. The frequent stopping of transit or 
commercial vehicles in the moving traffic 
stream is’a serious traffic’ hazard. Wherever 
possible, and in all instances on new highways 
designed as routes for mass transit, proper 
facilities should be provided off the through 
lanes for transit-vehicle passenger loading 
and unloading. These roadways should be 
designed to expedite movements of the transit 
vehicle as well as those of the more numerous 
private passenger car. 

Through the provision of more attractive 
and convenient mass transportation, there is 
the possibility of shrinking our urban traffic 
problems to more moderate limits. Efficiently 
designed off-street loading bays and terminals 
for trucks serve a similar purpose, particularly 
in the central core of our cities where street 
space is wholly inadequate for the moving 
traffic. 


Uniform Signs and Signals 


Traffic-control devices, though relatively 


inexpensive accessories to street and highway 


design, are significant aids to safe highway 
operation, Well designed and located high- 
way signs, signals, and markings eliminate or 
relieve many of the elements of surprise that 
characterize certain. combinations of design 
and traffic-operation features. The planning 
of new highway facilities should always be ac- 
companied by thought as to the traffic control, 
to hold restrictive measures to a minimum. 
Such preliminary considerations also offer 
certain correlative benefits in the joint plan- 
ning of design and control elements on the 


new facility. The contro! will thus be tailored | 


into the design at the: most appropriate stage, 
and not left for piecemeal application after — 


completion of the construction. The Manual 


on Uniform Traffic Control Devices should be © 


rigorously followed. The manual has become | 


the single legal standard for use on all Federal- — 


aid projects. 


Speed Garret 


Reasonable speed is a necessary element of © 


efficient highway transportation, yet speed is~ 
so frequently pointed to as-a traffic accident 


r] 
5 


cause that the dictum has wide acceptance — 
that traffic accidents and higher speeds go © 


hand in hand, and that there can be no one 
facility that possesses the characteristics of 


" 


speed and safety. Numerous attempts to re-_ 


late speed and accidents have had but meager 
success. Speed definitely increases the sever- 
ity of accidents, and it has been demonstrated 
from studies in New York, New Jersey, and 


Connecticut that fast drivers are guilty of 
more traffic violations and are involved in = 
more accidents than those who operate at 


more moderate speeds. But we also find that 
our modern highways with excellent safety 


i] 


records are accommodating traffic speeds def-— 


initely above those found on routes of inferior 
design. 

The answer is certain. 
have been purposely planned to meet the 
higher speed demand, and are distinguished 
by uniformity in those design features that 
relate to safe accommodation of faster-moving 
traffic. 

Safe vehicle speeds thus depend in large 
measure on characteristics of the roadway. 
With approximately 400 billion vehicle-miles 
of travel annually, it can hardly be expected 
that police activity on speed-law enforcement 
will be effective for more than a small frac- 
tion of this total. Speed controls, where 
applied, must be adapted to the circumstances. 
On our highway systems, both urban and 
rural, there is a wide range of ability to ac- 
commodate speed. This is true not only for 
the nation but for any State, or for any appre- 
ciable length of highway within a given State. 

Thus, the establishment of a uniform legal 
speed limit for rural and urban areas is not a 
solution. Such a policy is unsound. A limit 


set at the maximum safe speed for the poorest — } 
section of highway is obviously an invitation || 


to disregard the law. As shown in table 5, 
37 of the States now exercise the authority to 


post speed limits differing from the speed that- © 


has been set as a general maximum. The 


Table 5.—State-wide speed limits and speed 
zoning authority 


States with 
rural speed 
zoning 
authority j 


Number of 
States 


Rural State-wide 
speed limit 





No limit 
60m. p. h 
55 m, 
50m. 

45 m. p. 
40 m, p. 
35 m, 
25m. 


_ 


_ 
Ron FOND, 
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The newer facilities | 





Table 6.—Suggested zone speeds for safe 
i operation on curves 


Degree of | Radius of | Suggested 
i curvature | curvature |zone speed! 
; Pee ee ee aa Pe | Se ee 








. 1 Before zoning speeds are posted the curves should be 
-_ tested by competent observers to determine the safe speed for 
the particular conditions. 


rural State-wide daytime limits range from 
| 25 miles per hour in 1 State to no limit in 14 
States. Of the 29 States having general 
_ limits above 50 miles per hour, all but four 
are using the device of zoning to encourage 

judicious use of the highway with respect to 
¥ speed. Much more needs to be known about 
| the principles of successful zoning, but suffi- 
cient study has been given to determine that 
__ the signing must be realistic and possess con- 
siderable self-enforcing value. The estab- 
} lishment of frequent, unwarrantedly low 
limits breaks respect for the entire zoning 
_ device, which is reflected in abuses of other 
essential traffic regulatory measures. Sug- 
i gested zone speeds for safe operation on curves 






are shown in table 6. 


| . Efficient Operating Grades 
| for Trucks ; 


Table 7 shows the distance that light- 
- powered trucks with gross weights of 30,000 
x pounds, and medium-powered trucks with 
gross weights of 40,000 pounds, can go up 
various grades before their speeds are lowered 
to 30 miles per hour. Medium-powered 
trucks with gross weights of 40,000 pounds 
will probably not occur with sufficient 
frequency on most of our main rural highways 
_to justify basing the road design on these 
vehicles alone. Light-powered trucks with 
gross weights of 30,000 pounds, however, will 
occur with sufficient frequency on most main 
1 highways to affect seriously the operation of 
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passenger vehicles on the highway unless they 
are considered when selecting the alinement 
1 ie and other design features of the road. It will 
1. be noted that the length of grade that reduces 
& the speed to 30 miles per hour is approximately 
iB the same for the light-powered trucks with the 
gross weights of 30,000 pounds as for the 
_ medium-powered trucks with gross weights 
-of 40,000 pounds. 
A third lane on the uphill side will prevent 
the slow-moving trucks froni unduly interfer- 
ing with other traffic if the third lane is 
started at the proper distance from the 
| x bottom of the grade, as shown in table 7. In 
- certain types of terrain, however, especially 
_ where the road is located on the side of a steep 
hill or mountain, it may be impractical to 
_ provide an additional lane. Since the problem 
must be met on main routes, there are the 
alternatives of improved alinement for routes 
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of light travel, or the addition of a new 
one-way, two-lane roadway on a separate 
location. In the latter case the old plus the 
new roadway would provide two lanes in 
each direction. 

Far too little attention is given the fact that 
farm production is moving to the markets and 
to the railroads in trucks. In a constantly 
increasing degree the secondary or farm-to- 
market roads must be designed for truck 
operation; and efficient, safe operation re- 
quires low gradients. The lowest unit-cost 
item in road construction today is earth 
excavation, and there is no reasonable excuse 
to neglect the economy that will accrue to the 
farms by requiring additional excavation in 
designing farm-to-market roads, to provide 
low grades and good alinement. 

From the angle of safety only, the most 
serious result of grades is the restricted sight 
distance at the crest, or of the erroneous 
design policy, quite generally practiced, of 
introducing short sight distance curves to 
lower the percentage of gradient. 


The Less-than-Traffic-Speed Driver 


. On week ends and holidays the most fervent 
anathemas of other drivers are directed 
toward the driver who fails to maintain the 
average traffic speed. This attitude mistakes 
the effect for the cause. The collection of a 
queue of cars with frustrated drivers behind a 
car moving slower than the average traflfic 
speed is a sure indication of an overloaded 
highway. The same conditions apply as in the 
case of the slow-moving truck. The fault 
is the highway, not the slow driver. Too 
narrow traffic lanes and too restricted sight 
distances are the most common defects. The 
slow driver is not likely to disappear from the 
roads; the remedy lies in eliminating his 
accident potential by improved road design. 


Capacities of Express Highways 


At the present time our main highways 
carry about 20 percent commercial traffic. 
During peak hours, however, commercial ve- 
hicles are generally in the neighborhood of 10 
percent of the total traffic. In rural areas, 
two-thirds of the traffic is generally in one 
direction during the peak hours. In urban 


Table 7.—Distance from bottom of grade at 
which truck speed would be reduced to 
30 miles per hour! 


Light-powered | Medium-pow- 
trucks with gross ered trucks with 
weights of 30,000 gross weights of 
pounds 40,000 pounds 


Distance Distance 
Vertical 
bottom of climb 


grade 


from Vertical from 
bottom of climb 


Feet 

1, 780 

1, 035 
740 
550 
450 
390 
320 














1 Assiming an approach speed of 40 miles per hour. Bad 
alinement, weak and narrow bridges, or other hazardous 
conditions at the bottom of the grade would make these 
speeds unsafe, 


Table 8.—Hourly and annual average 24- 
hour design capacities for express high- 
ways } 


Annual average 
24-hour design 
capacities 2 


Hourly design 
capacities 
Type of area and 
terrain 
2-lane | 4-lane | 2-lane| 4-lane 
high- | high- | high- | . high- 
way | way | way way 


Rural areas: 3 
Flat terrain 4______| 600 | 2,800 18, 700 
Rolling terrain 5___| 500 | 2,500 r 16, 700 

Urban areas: 8 
Flat terrain 4 4, 550 ose 38, 000 
Rolling terrain 5_ _- 3, 850 Z 32, 000 

















: 1 Based on 10 percent commercial vehicles during peak 
ours. 

2 Based on a 30th highest hour of 15 percent of the annual 
average 24-hour traffic for rural areas, and a 30th highest 
hour of 12 percent of the annual average 24-hour traffic for 
urban areas. 

3 Based on two-thirds of the traffic in one direction and an 
operating speed of 50 m. p. h. 

4 Based on sight distance of at least 1,500 feet on 80 percent 
of the 2-lane highways. 

5 Based on sight distance of at least 1,500 feet on 60 percent 
of the 2-lane highways. 

6 Based on 60 percent of the traffic in one direction and an 
operating speed of 35-40 m.p. h. 


areas, the distribution by direction will gen- 
erally vary from two-thirds in one direction 
in the outlying areas to an equal distribution 
each way in the central business districts. It is 
generally not feasible to obtain a perfect aline- 
ment having no sight distance restrictions, on 
two-lane highways. Even in flat terrain it is 
difficult to obtain more than 80 or 90 percent 
of the road with a sight distance over 1,500 
feet, and in rolling terrain it is difficult to 
obtain more than 60 percent of the road with 
a sight distance over 1,500 feet. The total 
hourly capacities for two- and four-lane high- 
ways in rural and urban areas, for these aver- 
age conditions, are as shown in table 8. 

When relating the hourly design capacities 
to annual traffic volumes, fluctuation in traffic 
flow must be considered. Comprehensive 
studies of the fluctuation in traffic flow on rural 
highways show that the traffic density some- 
where between the thirtieth to the fiftieth 
highest hourly traffic volumes of the year 
should be selected for design purposes. On 
the average rural highway, the thirtieth 
highest hour of the year is about 15 percent of 
the annual average 24-hour traffic volume. 
In urban areas it averages about 12 percent 
of the annual average traffic volume. Table 
8 shows the annual average 24-hour traffic 
volumes that can be used for design purposes 
at locations where there is the average fluc- 
tuation in traffic flow. Values as much as 30 
percent higher or lower than these may be 
applicable to a specific location, depending on 
the seasonal, daily, and hourly fluctuation, 
and the distribution of peak-hour traffic by 
directions. 

A four-lane expressway of modern design, 
with controlled access, will accommodate as 
much traffic, at approximately twice the aver- 
age speed, as— 

1. Five ordinary city streets, each 40 
feet in width, with parking prohibited. 

2. Eight ordinary city streets, each 42 
feet wide, with parking on both sides. 

3. Five ordinary city streets, each 68 
feet wide, with parking on both sides. 
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4. About three ordinary city streets, 
each 68 feet wide, with parking pro- 
hibited. 

By “ordinary city streets’? is meant those 
that have the average amount of left-turning 
movements and pedestrian interference prev- 
alent in downtown areas. 


Brakes 


The hazardous conditions created by too 
short spacing between cars following in the 


same lane are emphasized by the studies of 


brake performance. Safe vehicle performance 
depends to a greater degree upon adequate, 
well-maintained brakes than upon any other 
single element of vehicle design. Likewise, 
the brakes betray most surely the failures and 
neglect of the driver or owner. Studies by 
the Public Roads Administration just before 
the war disclosed that over 40 percent of the 
passenger cars tested on the highway had zero 
pedal reserve, i. e., the pedal was flat on the 
floor board after an emergency stop from 20 
miles per hour. 

Brakes are a common alibi in many acci- 
dents; sometimes the true cause, but more 
often not. Ifthe brakes fail, the responsibility 
lies usually with the driver. He has not main- 
tained them properly. 

The widely distributed studies of brake 
performance show that the condition existing 
in 1942 was not a rosy one. It is probably 
worse today. Only 62 percent of the passenger 
cars, 18 percent of the two-axle trucks, and 3 
percent of the three-axle combination units 
could stop in 30 feet or less from a speed of 
20 miles per hour. 

There is abundant confirmation that the 
braking systems of passenger cars and espe- 
cially of commercial vehicles are too commonly 
poorly maintained or grossly inadequate. An 
analysis of the results indicates that this level 
of performance can be greatly improved. 
Passenger cars and two-axle trucks can be 
made to stop from 20 miles an hour in 30 feet 
or less. The combination units now on the 
road may not be able to do that well, con- 
sidering the lag that exists from the time that 
the pedal is touched until the brake shoes 
actually contact the drums. However, it is 
certain that with proper maintenance of well- 
designed braking systems, a much better 
showing can be expected. It is heartening, in 
this respect, to read that the Pennsylvania 
Motor Truck Association’s Engineering Sub- 
committee has been able to stop a 62,000- 
pound, two-axle tractor and tandem-axle 
semitrailer in an average distance of 27% feet, 
from 20 miles per hour. There is every indi- 
cation that the automotive engineers who 
cooperated in the tests have succeeded in 
reducing to a marked degree the inherent 
brake lag. 

The tests of vehicles as they are now oper- 
ating on the roads clearly show that the 
proper maintenance of brakes is not as yet 
being generally accomplished, and that a more 
stringent enforcement policy is necessary. 

The importance of brakes in relation to 
driver behavior is emphasized by the data in 
table 3, showing distance spacing and time 
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interval between cars traveling in the same 
lane. If the driver behind has instant per- 
ception time (which is impossible) and the 
average reaction time of three-fourths of a 
second, and if his speed is only 30 miles per 
hour, he has two-thirds of a second for his 
brake to stop his car if the car ahead stops 
suddenly. Under such typical circumstances, 
when an accident occurs do the driver’s brakes 
fail to work or does the driver fail to work 
the brakes? The answer is one major reason 
why insurance rates are going up. 


THE PARADOX OF DRIVER BEHAVIOR 


“We know so much about roads that is not 
so,” has long handicapped correct thinking. 
We do know now much of driver behavior 
that without positive proof we think could 
not be true. For example, the relationships 
of accident frequency and accident potentials 
with the details of highway design have been 
described. The accident rate on two-lane ru- 
ral highways carrying less than 1,000 vehicles 
per day is approximately half that on similar 
highways where the volume is in the range of 
8,000 or more vehicles per day. That is, on 
overloaded highways or underdesigned high- 
ways the accident rate increases with traffic 
volume. Onsuch highways, we would logical- 
ly think drivers would become more careful. 
Paradoxically, driver behavior becomes worse 
as the road becomes more inadequate to carry 
safely the traffic volume. Under conditions 
where the driver should become more respon- 
sible he becomes less so. Contrariwise, evi- 
dence supports the conclusion that as the 
standard of design is raised, driver perform- 
ance becomes more responsible. This obser- 
vation of driver behavior undoubtedly reflects 
the ability of the average mind and nerves to 
function more safely if tension beyond neces- 
sary alertness is relieved and apprehension is 
absent. 

Here is the record of traffic operation that 
has emerged from the studies on the Pentagon 
network of roads over the past 6 years. The 
system was designed and built by Public 
Roads to serve an estimated population of 
50,000 office workers in the new defense 
establishments, all of which were transferred 
almost overnight across the Potomac River 
to a previously unoccupied area in Virginia. 
The problem was to move the major part of 
this population in and out daily by motor 
vehicle over the existing three Potomac River 
crossings—Key Bridge, Memorial Bridge, and 
Highway Bridge. 

Excluding the traffic over Memorial Bridge 
which uses Lee Boulevard, and other traffic 
which does not actually traverse a portion of 
the 17 miles of through routes, it is estimated 
that there are now 85,000 trips per day on the 
Pentagon system. Including the traffic on 
roads immediately tributary to the system, 
there are about 110,000 trips on these road- 
ways daily. This is a conservative figure, since 
the three bridges which the system serves are 
now carrying an average traffic of more than 
139,000 vehicles per day and a peak-month 
traffic of 149,500 vehicles per day. The 
system now produces about 67 million vehicle- 


miles of travel per year. In the 6-year period, 
five fatalities have resulted from this opera- 
tion, three of whom were pedestrians. Only 
one fatality was caused by a vehicle traveling 
at a relatively high rate of speed, leaving the 
road and overturning. For this 6-year period 
the accident rate was 1.5 fatalities per 100 
million vehicle-miles. In this experience lies 
the assurance of what can be accomplished 


_through safe road design, but the record of 


driver behavior is the astonishing feature. 
During the war there was a speed limit of 
35 miles per hour on both the Pentagon net- 
work and on the Shirley Highway which ex- 
tends southward from it. The 35 m. p. h. 
speed signs were. not removed until several 
months after the war. Prior-to their removal, 
speed studies were conducted at several points 
on the network and on the Shirley Highway. 
These studies were repeated after changing 
the 35 m. p. h. signs to speed limit signs of 
40 m. p. h. on the network and 50 m. p. h. 
on the Shirley Highway. Changing the speed 


limit on the network from 35 to 40 m. p. h. | 


had no effect on the average speed, but re- 
duced the number of vehicles traveling over 
50 m. p. h. by 11 percent and those going over 
40 m. p. h. by 20 percent. 
signs on the Shirley Highway from 35 to 50 
m. p. h. reduced the number of vehicles travel- 
ing over 50 m. p. h. by 32 percent. 

On the through routes of the Pentagon net- 
work, where there are no traffic police, no 
traffic-control lights, and no enforcement of 
the 40 m. p. h. posted speed limit, the average 
speed is 37.6 m. p. h., and 12 percent of the 
vehicles exceed 45 m. p. h. On nearby Lee 
Boulevard, where safe speeds are much lower 
and the posted speed limit of 35 m. p. h. is 
enforced by frequent patrolling by traffic 
police, the average speed during light traffic 
volumes is 37.8 m. p. h., with 11 percent. of 
the vehicles exceeding 45 m. p. h. and 36 per- 
cent exceeding 40 m. p. h. Thus on the net- 
work, where drivers can legally maintain rea- 
sonable speeds at all times, they travel no 
faster without enforcement than they do on 
Lee Boulevard, where safe speeds are not as 
high and the normal enforcement is present. 
Furthermore, three times as high a percent- 
age of the drivers exceed a 5 m. p. h. tolerance 
of the posted limit on Lee Boulevard as on 
the Pentagon network. 

The present traffic volume on the network 
is 800 vehicles per hour per lane at locations 
where three lanes are available for movement 
in one direction. At the principal mixing 
lanes, a flow of 1,150 vehicles per lane occurs 
where four lanes are available for one-direction 
movement. The principal mixing lanes are 
now loaded to their possible capacity at cer- 
tain peak periods. Other points on the net- 
work are loaded to approximately two-thirds 
of their practical safe capacities. All three of 
the Potomac River bridges are loaded beyond 
their practical, safe capacities, and at times 
the demand actually exceeds the possible 
capacity of the bridges with their present 
approaches. The condition will be relieved 
materially by the completion of the two four- 
lane, one-way bridges now under construction. 
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DESIRE LINES OF TRAVEL 


In harmony with the premise that roads 


- must be designed on a basis of driver behavior 


is the relatively new technique of planning the 


_ system of arterial roads to serve the heavy 


flow lines of metropolitan areas on the basis of 
origin and destination surveys. These sur- 
veys disclose the desire lines of major travel. 
The pattern which emerges is that of a wheel, 
usually somewhat distorted in shape, but es- 
sentially providing radial lines from the urban 
center which are joined by concentric circles 
at spaced distances from the center. The 
concept has the two major objectives of pro- 
viding free-flowing arterial routes in and out 
of the center, and of separating through, 
longer-distance traffic from local vehicle and 
pedestrian interferences. Also, such a plan 


_ will keep a high percentage of the total traffic 


out of the more congested center of the city. 


_ Driver behavior can be relied upon to exercise 


a high selectivity of route if the facilities pro- 
vide a choice. Under such circumstances the 
driver will choose the route that will give him 
the most direct access to his destination, but 
at the same time will give him the shortest 
distance of travel through the more congested 
downtown streets. 

The Pentagon system serves three bridges 


' across the Potomac River, leading into the 


downtown streets of Washington. These 
bridges are interconnected by the system, and 


the driver from the Virginia suburban dis- 
_ tricts had, until the bridges became so con- 


gested as they are today, a choice among the 
bridges of that route which would require him 
to travel the least distance on, or would keep 
him off, the congested downtown city streets. 
The degree to which he accomplished this 
purpose without any imposed controls is 


_ amazing, as is shown by the data in table 9. 
_ The actual distribution is representative of 


the free choice of traffic between origins and 
destinations during a period when the traffic 
volumes were relatively low and there was not 


_ sufficient congestion on the bridges to alter 


the desired usage. 
A study of the origins and destinations of 


traffic using the three bridges indicates that 





the slight percentage differences between the 
shortest routes and the actual routes used 
probably resulted from traffic routing itself, 


For each 1,000 trucks and truck combina- 
tions, the number of axles weighing more than 


_ the recommended limit was 42 in the Pacific 


region, 146 in the Middle Atlantic region, and 
108 in the New England region. For truck 


; “combinations, corresponding figures are 114 for 


the Pacific region, 500 for the Middle Atlantic 
region, and 449 for the New England region. 
Eliminating the empty vehicles, there were in 
thé Middle Atlantic and New England regions 
about two axle loads in excess of the recom- 


mended limit for each three loaded truck 


poowedy bas 





combinations. 

Table 14 shows the number of vehicles per 
1,000 vehicles of various types with an axle- 
group load in excess of the limits reeommended 
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“provement. 


Table 9.—Distribution of traffic on the 
Potomac River bridges 


Actual 
distribution 


Calcu- 

lated 

shortest- 
Sept. 1,]| route 

Aug. 16,| 1943 to | distri- 

1944 | Aug. 31,| bution! 
1944 


; ‘ Percent | Percent | Percent 
Highway Bridge 41.8 42.6 40. 2 
Memorial Bridge 33.0 31.5 32.7 
Key Bridge 25, 2 25. 9 27.1 


100. 0 100.0} 100.0 





_1 Assumed usage of shortest route between origin and des- 
tination. 


in its use of the three bridges, to the bridge 
that would permit the shortest travel distance 
on the Washington central city streets. 


HIGHWAY SYSTEM PLANNING 


Finally, this discussion is directed to the 
essentials of today’s program of highway im- 
Since 1934—nearly one and one- 
half decades—the State-wide highway plan- 
ning surveys have been accumulating the 
facts of the amount and characteristics of the 
traffic use of our highways. State by State, 
undoubtedly more is known about the high- 
ways, their use, and their needs, than about 
any other major public undertaking. Until 
recently this wealth of material had not been 
generally analyzed and organized to serve 
its most important purpose as conceived when 
the surveys were started. In 1945 the Cali- 
fornia State Legislature, recognizing the need 
for a long-range highway improvement plan, 
established a study committee to organize 
the available material and to secure new data 
necessary to bring together a complete engi- 
neering and economic report. The completion 
of the report, the legislative recommenda- 
tions, the legislative debate, and the adoption 
of the major recommendations, are now a part 
of the State’s highway history. California 
has a well-rounded, long-term, modern high- 
way improvement program. With this suc- 
cessful guide, many other States have now in 
active operation legislative study committees, 
which, with the competent technical assistance 
of the Automotive Safety Foundation, are 
maturing long-range programs of comparable 


(Continued from page 1538. Tables 14 and 165 are on page 155.) 
by the A. A. S. H. O., and in excess of these 


limits by various percentages. For the country: 


as a whole, of each 1,000 loaded and empty 
trucks and truck combinations, 25 had axle- 
group loads weighing in excess of the recom- 
mended limits, 12 of which exceeded the 
limits by over 10 percent. It was the truck 
combinations rather than the single-unit 
trucks that produced the high load concentra- 
tions since of each 1,000 combinations, 89 had 
axle-group loads weighing more than the 
recommended limits, of which 46 exceeded the 
limits by more than 10 percent. 

Many vehicles were so loaded, of course, 
that they. exceeded more than one recom- 
mended weight limit; and some vehicles had 


caliber. The planning is designed to serve 
both economic needs and safety of use. Since 
the future reduction in highway fatality toll, 
as has been shown, will depend so largely 
upon safer roads, no effort by the Foundation 
can result in a greater contribution to highway 
safety. 


There are also implications of vehicle de- 
sign that can be well heeded. For example, 
it is certain the driver needs to have a better 
sight of the right-hand edge of the road. 
Protective bumpers, front and rear, capable 
of absorbing shock, are needed in place of 
expensive grillage which is going to suffer 
more in the future than in the past. Roads 
cannot be designed to prevent accidents 


caused by drivers following too closely, which, 


are likely to involve a series of cars. Also, is 
it not time to forget the emphasis on minor 
over-speeds of the decent driver and concen- 
trate on the driver who by his behavior creates 
accident hazards? The driver who passes in 
a no-passing zone, who parks his vehicle on 
the pavement, and who crowds the other fel- 
low’s Jane is a killer. Why not take him off 
the road? 


The purely routine speed checking is as 
futile and wasteful of enforcement officers’ 
time and ability as is their detail to check on 
overtime parking, both of which only result 
in congestion in the traffic courts on matters 
having a minimum relation to real traffic 
safety. We need the time of the traffic 
officers and of the courts to take the dangerous 
driver off the roads. Only a very small per- 
centage of drivers habitually disregard the 
rules of safe driving. 


This matter of driver behavior goes very 
deep. It involves a psychology that may 
well be inherent in a people who have been, 
and are capable of, building and running the 
outstanding democracy of the world. It is 
the essence of the spirit of freedom which 
revolts against unfair or unreasonable restric- 
tions but which is tempered in the large ma- 
jority to support of the public welfare. So 
it seems reasonable to accept the pattern 
established by the behavior of the decent 
majority and deny the freedom of the road 
to the violator of this pattern. Safety of the 


highways is, as democracy is, a matter of 


cooperation and coordination. 


several axle loads weighing more than the 
recommended limits. Counting each vehicle 
only once, regardless of the number of partic- 
ulars in which it exceeded the recommended 
limits, table 15 shows the number of vehicles 
per 1,000 (both loaded and empty included) 
of each type that exceeded the limits by 
various percentages. Those vehicles which 
exceeded more than one provision of the 
recommended restrictions were tabulated in 
the column showing the highest percentage 
excess for any item. In the United States as 
a whole, 59 vehicles out of every 1,000 were 
overloaded to some degree and 15 out of every 
1,000 exceeded some one of the provisions by 
more than 20 percent. 
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The Effect of Tax Increases 
on Gasoline Consumption 


The possible effect of increases in State 
gasoline-tax rates on the use of highways 
has always been a matter of concern to high- 
way administrators and highway users. 
This article describes a study of the prob- 
lem, considering tax-rate changes and their 
effects on gasoline consumption and motor- 
vehicle travel during the period January 
1946-July 1948. 

From an analytical standpoint, one of the 
principal difficulties encountered was the 
fact that there were parallel and much 
greater increases in the sale price of gaso- 
line, excluding tax. The largest tax increase 
in any State in the 30-month period under 
study was 2 cents, while the smallest price 
increase was 3.5 cents. There were tax in- 
creases in only 12 States, but there were 
price increases in all States. Considerable 
fluctuation in gasoline sales was caused by 
“stocking up’’ just prior to the effective 
date of tax increases, with a consequent re- 
duction in inventories immediately there- 
after, thus creating the impression that the 
tax increase had reduced the consumption 
of gasoline. 

It was found that consumption of gasoline 
in States where there were tax increases was 
similar in pattern to that in adjacent States 
where the tax was not increased. The in- 
creases in State gasoline tax rates, while 
causing substantial fluctuations in the sales 
of gasoline at the point at which it is taxed 
(the distributors, in most States), did not 
measurably affect net gasoline consump- 
tion. Sales price increases, since they 
received no advance publicity, had no 
apparent effect at all. 

It is reasonably clear that at present price, 
wage, and employment levels, the demand 
for gasoline is so inflexible that no price or 
tax increases within reasonable contempla- 
tion will increase the total price to the con- 
sumer to the point where it will measurably 
affect the demand for highway gasoline. 

From July 1, 1948, the close of the period 
covered by this study, to February 1, 1949, 
there were further net increases in the retail 
price of gasoline in 35 States, ranging from 
0.1 to 1.5 cents; and two decreases of 0.1 
and 0.2 cent. There were no increases in 
gasoline taxes. 


HE FLEXIBILITY of the demand for 
gasoline is a problem that has long con- 
cerned highway economists and highway ad- 
ministrators. Stated in its simplest terms, 
the question is ‘‘do changes in the cost of 
gasoline to the consumer affect the quantity 
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Figure 1.—Increases in State gasoline tax rates and in gasoline sale prices excluding 
taxes, January 1, 1946-—July 1, 1948. 
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of gasoline used on the highway?” The ques- 

tion is particularly important at this time. 
Bian States have found that their current 
_ revenues from gasoline taxes—the revenues 
that, in large part, determine their ability 
‘to build and maintain an adequate highway 

system—are insufficient to construct and 

maintain highways to modern service and 

safety standards. 

Since January 1, 1946, there have been 12 
increases in State gasoline tax rates. There 


s 


has also been one decrease—a temporary 2- - 


cent tax in Oklahoma expired on January 1, 
1947. The increases in State gasoline taxes 
_ are shown in table 1. 

The purpose of this study was to Retarming: 
if possible, whether these changes in State 
- gasoline-tax rates have affected the consump- 
tion of gasoline on the highways. The study is 
based entirely on the 30-month period from 
January 1946, through June 1948, and the 
discussion covers that period unless otherwise 
specified. The gasoline consumption and 
traffic comparisons made are all for the 1947— 
1946 and 1948-1947 relationships. Kansas and 
- Virginia increased their tax rates from 3 to 4 
- cents and from 5 to 6 cents, respectively, in 
(1946, but since comparisons of relative changes 
in these two States would have necessitated 
use of 1945 data for periods in which gasoline 
- rationing was still in effect, these two States 
were omitted from the study insofar as the 
effects of their 1946 gasoline-tax rate increases 
are concerned. The Louisiana tax rate in- 
creased from 7 to 9 cents per gallon on June 7, 
1948, but sufficient data are not yet available 
to permit a full evaluation of the effects of that 
change. It is felt, however, that this study, 
_ based on the 1947 and 1948 changes in State 
tax rates, has a sufficiently broad base to 

_ justify its conclusions. 

The principal difficulty encountered in this 
study was the fact that gasoline prices, exclud- 
ing tax, inereased rather sharply during the 
period under study, and in all cases the price 
_ increases were more than twice the amount of 
_ the increases in the tax rate. 

In this article the word ‘price’, unless 
otherwise noted, means the observed retail 

_ price of “regular’’ grade gasoline, excluding the 
| State tax. These prices were obtained for 
_ the District of Columbia and for the capital 
city of each State, except in Maryland and 
Oregon, for which Baltimore and Portland 
_ prices were used. Since gasoline prices fall 
within a relatively narrow range in any area, 
_ it is felt that these prices are fairly represen- 
tative. The gasoline consumption data used 
are from Public Roads analyses of motor-fuel 
consumption, which in turn are based on 

reports received from the State authorities. 
_ The traffic data were obtained from automatic 
_ traffic recorders located principally on rural 
roads in each State. Since the number of 
_ these recorders is limited, and comprehensive 
urban traffic information is not available, the 
data obtained from them for any one State 
¥ must be considered as indicative rather than 
/ as an absolute measurement. The State-by- 

State traffic figures were, however, sufficiently 

uniform and consistent with the gasoline con- 
sumption data to warrant their use. in the 


ay 


: 
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Table 1.—Increases in State gasoline taxes, 
January 1, 1946-—July 1, 1948 


Tax rate 





Effective date 


Old | New| In- of change 


rate | rate |crease 








Cents| Cents| Cents 





Kansas___-_- at 3 | edi 1 Mar. 1, 1946 
Wirginials: 3 °-" 5.1 36 1 June 19, 1946 
Colorado__--____- 4| 6 2 Apr. 1,1947 
Vermont. 922. co ee oes} .5 | May 1,1947 
Rhode Island_- 3 | 4 it May 28, 1947 
Mainewt ee 22 5. 4 6 2 June 1,1947 
California__.____- 3). 4.5 1.5 | July ~ J, 1947 
Connecticut __ __- 3] 4 1 July 1,1947 
Maryland -_______ 4) 6 1 July 1.1947 
Dist. of Colum- 

11 ey a. « Sued: J Aug. 1,1947 
Kentucky. -...-- 6 1587 2 Apr. 1, 1948 
Louisiana_____-_- Celine 2 June 7, 1948 








study. There is a probability that rural 
traffic in the period increased slightly more 
than urban traffic, but it does not appear that 
this could have been sufficient to make a 
significant difference in the findings. 


PRICE RISES EXCEEDED TAX 
INCREASES 


The January 1, 1946, price of regular gaso- 
line and the State tax rates in effect on that 
date are givenin table 2. This table shows the 
month-by-month changes in prices and taxes 
that took place between January 1, 1946, and 
July. 1, 1948, and gives a summary of the 
cumulative amounts of those changes. The 
price increases in each case represent the 
increase in the reported price on the first day 
of the month over the reported price on the 
first day of the month preceding; thus, the 
increases shown for August are the amounts 
by which August 1 prices exceeded July 1 
prices. The changes in tax rates are listed 
under the month in which they occurred, since 
the exact dates are known. 

There were two gasoline-tax rate changes 
in 1946—Kansas and Virginia each increased 
their tax rates 1 cent. Between July 1 and 
September 1 of the same year the gasoline 
prices in 36 States were increased the same 
amount or more, and between December 1, 
1947, and January 1, 1948, there was a sub- 
stantial price increase in every State. The 
smallest of these increases was 0.9 cent and 
the largest was 2.5 cents. The latter increase 
occurred in Iowa, and it is worth noting that 
it was attended by nowhere near the publicity 
that had been accorded the increase of 1 cent 
in the State’s tax rate that occurred in 1945. 
In addition to the Iowa price increase of 2.5 


cents, there were price increases of 2 cents per 


gallon. or more in 17 other States between 
November 1, 1947, and January 1, 1948. 
During the period in which most of the tax 
increases occurred—April 1 through July 1, 
1947—there were relatively few increases in 
the price of gasoline. This, of course, had a 
tendency to silhouette the tax changes and 
they received a considerable amount of 
unfavorable publicity. 

Figure 1 shows the increases in gasoline 
taxes and the price increases in the period 
under study. As may be seen in the upper 
map, there was no geographic concentration 
in the tax increases. It is worth mentioning, 


however, that beginning with Massachusetts, 
New York, and New Jersey, and continuing 
westward through the populous and highly 
developed North Central and Central States, 
the 3-cent and 4-cent taxes in that area 
remained lower than the rates generally in 
effect throughout other parts of the country. 
It is in, this group of States that the greatest 
agitation for toll roads is found. The tre- 
mendous latent opposition to increases in the 
gasoline-tax rates in these States has probably 
contributed a great deal towards forcing the 
proponents of high-standard highways to turn 
to toll roads as the only alternative offering 
some chance of obtaining modern highways 
within a relatively short period of time. This 
rigidity in the gasoline-tax rates in the area is 
encouraging support for toll roads that would 
have approximately the same economic effect 
on the user as 15 to 19 cents per gallon gaso- 
line-tax rates on certain types of traffic. 

Although it can be observed from the upper 
map in figure 1 that there was no geographic 
significance to the increases in the State 
gasoline-tax rates, the lower map in the figure 
shows a remarkable concentration of the 
larger price increases beginning with the 
North Central States and continuing as far 
west as Idaho and southwest to New Mexico. 
In fact, the very large increases in the price of 
gasoline in many States exceeded, in total cost 
to the consumer, the combined price and tax 
increases in other States. In Oklahoma, 
where there was a decrease of 2 cents in the 
tax rate during the period, the price of gasoline 
increased 8 cents per gallon, resulting in a net 
increase in cost to the consumer of 6 cents per 
gallon. 


PRICE RISES GREATER WHERE TAX 
WAS UNCHANGED 


The difficulty of determining the effect of 
gasoline-tax increases was accentuated by the 
fact that the average price increases in the 
States in which there were also tax increases 
was 4.53 cents per gallon, whereas in the 
States where the tax remained the same 
throughout the period, the price of gasoline 
was increased an average of 5.61 cents per 
gallon. The more than _ 1-cent-per-gallon 
greater average increase in price in the States 
in which there were no tax increases imposed 
an additional burden on consumers that, in 
theory at least, would have the same restrain- 
ing effect as the tax increases, thus making it 
difficult to determine the economic effects of 
tax increases. The greater price increases in 
the States that did not have tax increases 
might possibly have been explained by eco- 
nomic factors in fields not explored during the 
study. However, available data and facili- 
ties made impractical an effort to isolate such 
factors. Furthermore, it did not seem that 
additional investigation on this point would 
make a material contribution toward the 
objective of determining whether State gaso- 
line-tax rates had affected highway gasoline 
consumption. 

Figure 2 shows for each State the total 
price and tax changes in the 30-month period. 
There was one decrease in tax rate and there 
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Figure 2.—Gasoline price and tax increases, January 1, 1946—July 1, 1948. 


were no decreases in price. The increases in 
tax rates ranged from 0.5 cent per gallon in 
Vermont to 2 cents per gallon in Colorado, 
Kentucky, Louisiana,-and Maine; and the 
increases in price ranged from 3.4 cents per 
gallon in South Carolina and West Virginia to 
8.1 cents per gallon in Minnesota. 

Table 3 shows the relative changes in sales 
of gasoline for use on highways, and the 
changes in traffic, for the 2 months prior to 
the month in which the change in tax rate 
took place, the month in which the tax rate 
took effect, and the following 2 months. The 
figures given show the changes, in percent, of 
1947 sales and traffic compared to the same 
months of 1946 in all cases except for Kentucky 
and Louisiana. The latter two States in- 
creased their taxes in 1948, and the compari- 
sons are therefore of 1948 data to those for 
1947, Louisiana is omitted from table 3 
because the tax change there was so recent 
that sufficient data were not available at the 
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time the study was made. The Rhode Island 
tax increase from 3 to 4 cents took effect 
May 28, and for practical purposes was 
treated in this study as if it had taken place 
in June. 

Within each group in table 3, the State in 
which the tax inerease occurred is listed first, 
followed by adjoining States in which there 
were no changes in tax rates. One exception 
to this is the inclusion of Vermont for com- 
parison with Maine. There was a half-cent- 
per-gallon increase in the Vermont tax on 
May 1, 1947, but it was felt that this increase 
did not destroy the validity of the comparison 
since the Maine tax increase a month later 
was 2 cents per gallon. It was not expected 
that the half-cent increase in the Vermont 
tax would be reflected in gasoline sales, and 
the State therefore was not set out in a sepa- 
rate grouping; but the table does show a very 
noticeable fluctuation in Vermont highway 
gasoline sales. 


PUBLICITY ON TAX INCREASES 
INDUCES ‘*LOADING UP” i 


Although any economic effects of gasoline- 
tax increases, aS well as price increases, must 
be continuing, it seemed a reasonable assump- 
tion at the time the study was undertaken 
that the impact of a tax increase, reflected in 
the increased cost to the consumer, would be 
distinguishable in the demand for gasoline at 
the time the tax was imposed. This seemed 
especially likely because of the very great pub- 
licity given to the tax increases. The signifi- 
cance of table 3 therefore lies more in the 
month-by-month figures than in the totals for 
the 5-month periods bracketing the tax in- 
creases. A very noticeable “loading up” 
can be observed in the months prior to the tax 
increases, coupled with a reduction in inven- 
tories in the month of change and the succeed- 
ing month. Rhode Island appears to be an 
exception, but this probably was the result of 
a combination of factors: Gasoline sales in the 
same month of the prior year were abnormally 
low; Rhode Island is a small State whose high- 
ways carry a relatively high proportion of 
interstate traffic; and the tax rate before the 
increase was only 3 cents. Furthermore, it 
should be noted that Rhode Island traffic in 
the month in which the change took place was 
up 17.4 percent over the same month of the 
prior year, and in the month following was up 
more than 40 percent; but it is also possible 
that the traffic-recorder data in this instance 
did not accurately reflect actual changes in 
traffic. 

The gasoline tax is imposed on the “first 
sale” in most States. Consequently, the taxed 
sales given in table 3 reflect any changes in 
distributors’, retailers’, and consumers’ in- 
ventories and do not necessarily reflect the 
month of the use of gasoline on the highways 
by the ultimate consumer. (The gasoline 
consumption data in table 4, however, have 
been adjusted to the month of consumption, 
and in this respect differ from those in table 3.) 

In most States the tax on gasoline applies to 
distributors’ in-shipments, and in the remain- 
ing States to distributors’ sales. The dates of 
tax increases are known in advance and there 
appears to be a strong tendency to utilize all 
storage capacity immediately prior to the tax 
increases. Although tax increases are fre- 
quently accompanied by “floor taxes,’ im- 
posing the additional tax on inventories, these 
increased inventories reveal, to a degree, the 
hope of somehow avoiding the tax. Un- 
doubtedly this ‘‘loading up” takes place 
throughout the supply channels, including 
retail outlets, and probably includes a eon- 
siderable amount of gasoline sold to consumers 
who purchase in bulk. In Maine, for in- 
stance, the May 1947, sales of gasoline for 
highway use exceeded those of May 1946, by 
28.3 percent, but gasoline sold in June, the 
month of the tax change, was 11.5 percent 
less than in the same month of 1946. Traffic, 
on the other hand, was 8 percent greater in 
May 1947, and 9.8 percent greater in June. 
The 9.8 percent increase in June 1947, over 
June 1946, was, as a matter of fact, greater 
than in the adjoining States of New Hamp- 
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June 1947 





July 1947 


Delaware----- 
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Aug. 1947 
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1 Data not available at time this table was prepared. 











shire and Vermont, where increases of 5.0 
a percent and 7.1 percent, respectively, were 
_ experienced. In Connecticut, gasoline sold 
for highway use in June 1947, exceeded that 
for June 1946, by 21.8 percent, but in July 
it was 0.3 percent less than that for July of 
1 the previous year. For the 5-month period 
_ Connecticut highway gasoline sold showed a 
r 9.9 percent increase in 1947 over the same 
+ months of 1946, slightly greater than the aver- 
é -age for the adjoining States— Massachusetts, 
_ New York, and New Jersey. 
4 The immediate effect of this ‘loading up”’ is 
to give the appearance, in the month of the 
_ tax increase and immediately following while 
inventories are being reduced to normal, that 
gasoline consumption has suffered substan- 
‘tially as a result of the impact of the tax 
increase. A close analysis of gasoline con- 
sumption, however, reveals that the 5-month 
totals for the States in which the increases 
occurred are very similar to those of the 
adjoining States in which there were no 
- inereases. As inventories in the supply 
channels are brought back to normal it 
frequently appears, to those not thoroughly 
- familiar with the distribution and taxation of 
gasoline, that the demand for gasoline has 
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misinterpretation has frequently accounted 
for articles appearing in newspapers and trade 
journals to the effect that gasoline demand 
has been sharply cut by taxincreases: Recent 
instances of such misinterpretation occurred 
with respect to Vermont and Kentucky gaso- 
line consumption. In both cases abnormally 
large amounts of gasoline had been purchased 
immediately prior to the imposition of the 
tax increase, but the total amount sold in the 
5-month period bracketing the increases 
showed no marked deviation between the 
sales patterns of those States and those of 
adjoining States. 


TRAFFIC UNAFFECTED BY TAX 
INCREASES 


Table 3 also demonstrates that in each of 
the States in which the tax increases occurred 
the traffic maintained fairly normal patterns 
similar to those of adjoining States, and, 
allowing for regional differences, consistent 
with the pattern of total traffic in the United 
States. It will be noted that in each of the 
States in which tax changes occurred, traffic 
remained on a fairly even keel, in each case 
being similar in pattern to the traffic of 





Rerond a piace Preceding month | Month of change 

Highway Highway Highway 
gasoline | Traffic | gasoline | Traffic} gasoline | Traffic 

sales sales sales 
eh aie +14.7] +0.5} +191] 46.4 —2.9| +5.9 
ca, ane 412.9] +20] +115] +22 +2.1]| +6.8 
aacee 415.9] +56] +15.1 | 411.1 +4.2| +6.7 
Rtas Sa +19.6 | +4.0] +21.9 | +13.6 +7.5 | +5.5 
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+1.0] +6.3 +8.0 | +10.8| +10.4] +5.0 
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eae +6. 3 +4.6 +10.5 +751 +9.1 +2. 2 
ep ald +4.9 | +7.5 +16. 1 +7.4 +4. 2 +6.0 
2 +10.5 | 411.1 +21.8 | +13.1 —0.3 | 4-15.6 
Eee +6.9 | +11.6 +9. 8 +6. 8 +4.1 +7.5 
a eee +7.8 |. +10.4 +12.3 +8. 0 +2.1 | +11.0 
pace -7.7 +8. 2 +8.9 | +14.1 +10.8 | +22.0 
ieee 4 +7. 8 +9. 4 +1151 | --11.7 +6.5 | +17.3 
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+7.3 | +19.3 +8.1 | +22. 2 +6.7 | +18.8 
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a Pee +6, 2 +5.5 +10.9 +7.9 +10. 6 +7.9 
been decreased by the increase in tax. This 











Table 3.—Percentage changes in highway gasoline sales and traffic in year of tax increase from same. months of prior year 
































Following month is epee Resp! Total, 5 months 
Highway Highway Highway 
gasoline Traffie gasoline | Traffic} gasoline | Traffic 
sales sales sales 
+3.3 | +8.5 +7.9 | +12.3 +8.1] +7.0 
+9.1] +2.9 +11.5 | +7.5 +9.3 |} +4.4 
—0.8 | +13.5 +9.9 | +10.8 +8,.2]} +9.8 
+8.6 | +9.2 +19.2 | +12.5 +14.8 | +9.2 
+5.7| +6.1 +10.9 | +9.7 +9.2} +6.1 
412.5) +10.6| +13.8| +113] +9.7| +9.4 
+4.5 +9.7 +7.9 | +13.0 +7.6 +9. 4 
+8.8 | +12.0 +11.4 | +15.1 +8.4 | +10.4 
+6.7 +6, 2 +8.6 |-+12.9 7.5 +8.9 
+6. 2 +9.4 +9.1 | +13.5 +7.8 +9. 5 
+12.5 | +40.7 +8.7 | +26.1 +8.2 | +22.6 
+4.1 +7.5 +12.6 | +13.8 +7.8 +9.8 
+2.1 ) +11.0 +8.0 | +13.2 +7.1 | 411.1 
+10.8 | +22.0 +8.2/ +9.0 +7.7 | +12.7 
+7.4 | +18.2 +9.0 | +11.1 +7.6 | +12.3 
+7.4 | $11.7 +8.0 | +10.9 +9.0 | +10.9 
+11.4] +5.3 +17.3 —2.2 +10.1 | +4.1 
+6.6 | +12.3 +7.8 | +12.5 +9.6 | +10.6 
+7,5 | +19.6 +10.4 | +12.9 +11.8 | +14.8 
+4.7] +6.5 +7.4| +4.7 +7.5 | +65. 
+9.8 |} +7.5 +14.9 | +1.2 +9.9]} +65.9 
6.7 | +16.3 +12.1 | +12.1 +9.9 | +13.8 
+12.6 | +13.8 +8.0 +8.1 +8. 2 +9.5 
+8.0 | +13. 2 +21.1} +9.1 +9.8 | +10.3 
+8.2] +9.0 +16.4 | +5.8 +10.3 | +11.8 
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+5.2 | +12.4 +12.3 +8.1 +9.1 | +11.1 
+8.0 | +10.9 +13.7 | +8.3 +11.0 | +10.6 
+11.7| +3.9 +6.6 | +18.4 +10.0 | +6.0 
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adjoining States. This appears to be con- 
clusive evidence that the impact of the tax 
increases, while resulting in a violent fluctua- 
tion in gasoline sold, does not substantially 
affect the use of gasoline on the highways. 
Theoretically, each increase in the cost of 


gasoline, whether arising from taxes or other 


factors, should reduce the potential market; 
and each decrease in the cost should expand 
the potential market. Ina period of relatively 
stable prices and employment it might have 
been possible to distinguish the effects of the 
changes in gasoline-tax rates, or conversely 
to decide with a reasonable degree of certainty 
that the changes had no appreciable effect 
on consumption. The fact that there were 
12 increases in tax rates and 1 decrease 
during the period under study would in 
normal times have created, as nearly as it is 
possible to create, a laboratory condition. 
It might have been possible to have settled 
once and for all the question of the extent to 
which the demand for gasoline for highway use 
is flexible, and perhaps to have made a deter- 
mination of its sensitivity. From the point 
of view of making this determination, it is 
unfortunate that the tax increases were, to a 
considerable degree, the result of a general 
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rise in all price levels that at the same time 
rendered comparisons difficult. 

There can be no doubt that at some point 
the cost of highway transportation will govern 
the amount of gasoline used, and, for that 
matter, the distribution and ownership of 
motor vehicles; but it appears that we have 
not yet arrived at the point where these costs 
are sufficient to constitute an effectual brake 
on the use of highway transportation. Con- 
sumption of gasoline under present conditions 
of full employment and high wages is more 
likely to be determined by the number of 
vehicles available and the facilities for their 
use than by the price of gasoline. Gasoline 
and oil costs, which account for the principal 
day-to-day expense of operating an automo- 
bile, amount to approximately 1.8 cents per 
mile. If we take, for example, a new auto- 
mobile costing the consumer $1,800 and 
assume that it is to be depreciated over 100,000 
miles, the depreciation alone is 1.8 cents per 
mile, equaling the cost of gasoline and oil, and 
allowing nothing for maintenance, garaging, 
insurance, registration fees, and property 
taxes. 

It is quite possible that the economic effects 
of high motor-vehicle transportation costs 
will be revealed much sooner in the market 
for automobiles than in the market for gaso- 
line. Even allowing for the fact that the 
average consumer may buy, or refrain’ from 
buying, gasoline at any given time and that 
the demand for gasoline, therefore, must be 
much more sensitive than the demand for 
cars, and the fact that the automobile market 
must, of necessity, have much less short-term 
sensitivity, it seems probable that any change 
in the long-term curve of gasoline demand 
will be preceded by a very substantial weaken- 
ing in the market for automobiles. In other 
words, it does not appear that the need for 
highway transportation has been satisfied to 
the point that gasoline price increases or tax 
increases, within reasonable limits, will have 
any effect on the amount of gasoline consumed. 


GASOLINE COST INCREASE LESS THAN 
INCREASE IN GENERAL LIVING COST 


On January 1, 1946, the unweighted arith- 
metic average retail price of gasoline for the 
United States was 20.6 cents per gallon. At 
the end of the 30-month period under study 
the same average price had risen to 26.3 cents, 
an increase of 27 percent. In the same period 
the Bureau of Labor Statisties’ Cost of Living 
Index, based on the 1935-89 period, rose from 
129.9 in January 1946, to 173.7 in July 1948, 
an increase of more than 33 percent., Thus, 
despite the fact that the total cost of gasoline 
to the consumer rose rapidly during the period, 


Table 4.—Highway use of oOkOr Ter. 1946-47, in States that did and did not have tax 


increases 


States in which tax rate 
increased during 1947 


1947 Change 


1,000 Per- 
gallons 
JAaNUALY se sane 


February ! 











First 6 months.| 1, 854, 863 | 2,065, 820 


States in which tax rate did 
not increase during 1947 


1946 
ier 


1,000 


1, 859, 000 ; 2; 503, 713 


10, 238, 210 


Total, all States 


1947 Change 1946 1947 Change 


Per- 
cent 


1,000 
gallons 


1,000 
gallons 


1,000 
gallons 
2, 023, 496 
1, 884, 299 
2, 144, 459 
2, 286, 385 
2, 519, 377 








13, 361, 729 











382, 945 
404, 741 
386, 444 
388, 972 
368, 921 
396, 911 


Last 6 months_ 2, 328, 934 


2, 075, 148 


+12. 2 


2, 061, 328 


11, 480, 777 





2, 433, 188 
2, 370, 420 
2; 164, 754 
2, 294, 573 
2, 161, 897 
2) 141, 093 


13, 555, 925 


2, 613, 486 
2, 560, 385 
2, 449, 060 
2) 548, 453 
2) 251, 651 
2, 430, 941 


14, 853, 976 


2, 034, 030 
12, 525, 042 














3, 930, 011 


4, 394, 754 





its relative increase was not as great as the 
increase in his general cost of living. Between 
January 1946, and July 1948, hourly earnings 
in manufacturing industries increased from an 
average of just over $1.00 an hour to more 
than $1.30 per hour. Agricultural incomes 
increased even more rapidly, and there were 
substantial increases in other industries, 
coupled with full employment. During this 
period the relative cost of gasoline, including 
taxes, actually decreased for all groups except 
those depending on fixed annual salaries, 
annuities, rents, and other relatively stable 
sources of income. It was with these facts in 
mind that this inquiry was limited to an effort 
to determine whether the increases in State 
gasoline taxes had affected gasoline consump- 
tion, rather than an attempt to learn under 
what conditions gasoline consumption would 
have been affected. 

A summary of highway gasoline consump- 
tion is given in table 4. The 1946-47 changes 
are given in totals for the group of States in 
which there was a tax-rate increase in 1947, 
and in totals for the group of States in which 
the rate did not increase during 1947. These 
summaries show that in the first 6 months of 
1947 the States in which the taxes were in- 
creased during the year had an increase of 11.4 
percent in highway gasoline sales; and in the 
last 6 months of 1947 showed an even greater 
increase of 12.2 percent over the prior year. 
This is surprising, since most of the tax 
changes took place about the middle of the 
year, with most of the “loading up” of inven- 
tories taking place during the first 6 months, 
and the unloading during the last 6 months. 
Had it not been for the loading effect, the 
last-half increase in 1947 over the same period 
in 1946 would have been greater. Strangely 


+11.8 | 21, 718, 987 





23, 820,951 | +9.7 | 25, 648, 998 | 28, 215, 705 





enough, the States in which there were no in- 
creases in tax rates during 1947 showed an 
increase of 10.3 percent in highway gasoline 
consumption in the first 6 months of the year 
over the same months of 1946, and a smaller 
increase, 9.1 percent, in the last 6.months of 
the vear. It is not possible to arrive at a 
conclusive explanation for this apparent de- 
fiance of economic law, if we consider the 
changes in tax rates alone. We do know, 
however, that the average price of gasoline, 
without tax, increased more in the States 


that did not increase the tax rate than it did | 


in the States where the tax rates were in- 
creased, and for longer periods this undoubt- 
edly nullified the relative effects of the tax 
increases. 


CONCLUSIONS 


It would be irresponsible to conclude from 
the data compiled that increased costs to the 
consumer would not, in the long run, have 
a tendency to reduce the consumption of gaso- 
line. It is apparent, however, that we have 
not yet reached the point where this effect 
can be measured. At the time the study was 
undertaken it was hoped the effects of gaso- 
line-tax increases could be measured, despite 
the fact that the price increases so over- 
shadowed them. It was felt that the impact 
of the tax increases, considering the publicity 


given them, could be located and measured; 


but this expectation was not realized. 

It is reasonably clear that at present price, 
wage, and employment levels, the demand for 
gasoline is so inflexible that no price or tax 
increases within reasonable contemplation 
will increase the total price to the consumer 
to the point where it will measurably affect 
the demand for highway gasoline. 





New Publications 


Work orf THE. Pustic Roaps ADMINISTRA- 
TION, 1948, the annual report of the Public 
Roads Administration for the fiscal year ended 
June 30, 1948, is now available from the Super- 
intendent of Documents, U. 8. Government 
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Printing Office, Washington 25, D. C., at 20 
cents a copy. 

HicHway Sraristics, 1947, is also now 
available. The third in an annual series, it 
presents information of general interest on the 
subjects of motor fuel, motor vehicles, high- 
way-user taxation, highway finance, and high- 
way mileage for the year 1947. A summary 
bulletin reporting similar information over 


periods of 20 to 50 years, up to 1945, was 
printed last year. These publications are for 
sale by the Superintendent of Documents at 
the following prices: 
Hieguway Sratistics, 1947, 45 cents. 
Hicuway Sraristics, 1946, 50 cents. 
Hieuway Statistics, 1945, 35 cents. 
Hicuway Statistics, SuMMARY To 1945, 
40 cents. 
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Traffic Trends on Rural Roads in 1947 


BY THE DIVISION OF HIGHWAY TRANSPORT RESEARCH 
PUBLIC ROADS ADMINISTRATION 


Total rural-road traffic in 1947 broke all 
previous records, exceeding the previous 
high in 1946 by almost 10 percent. Peak 
summer travel was 7 percent greater than 
in 1941, previous record year for that season. 

Travel on the main rural roads of the 
country amounted to more than 137 billion 
vehicle-miles, of which almost 80 percent 
was by passenger cars. Ton-mileage car- 
ried by commercial vehicles increased 21 
percent for the second consecutive year. 
Reversing a previous trend, a slightly larger 
percentage of these vehicles were found to 
be carrying loads in 1947. Average carried 
loads remained about the same as in 1946. 

The use of heavy commercial vehicles 
continued to increase, truck-combination 
travel being 21 percent greater than in 1946. 
The rise in frequency of heavy gross weights 
has apparently been halted, but the fre- 
quency of heavy axle loads was almost one- 
fifth greater in 1947 than in the previous 
year. 


RAFFIC on rural roads in 1947 broke 

all records, exceeding the all-time high 
of the previous year by almost 10 percent. 
- Travel in each month of 1947 was greater 
than in the corresponding month of 1946, the 
increases ranging from 6 percent in March, 
November, and December to 13 percent in 
January. The peak summer travel was about 
7 percent above that for 1941, the year of the 
previous all-time high for that season. 

On the 345,000 miles of main rural roads of 
_ the country, travel in 1947 was more than 137 
 pillion vehicle-miles, of which almost 21 per- 
cent was by trucks and truck combinations.} 
Vehicle-mileage of these commercial vehicles 
in 1947 increased to 18 percent above the 1946 
figure and ton-mileage, 21 percent. The in- 
creased use of truck combinations, particu- 
larly noticeable during the war, was con- 
tinued through 1947. The percentage of 
vehicles carrying loads increased slightly. 

The total rural-road traffic data reported 
in this analysis are derived largely from 
records re¢eived from about 660 automatic 
traffic recorders operated continuously through- 
out the year at permanent stations on rural 
roads in all 48 States. These machine counts 
provide no classification by vehicle type since 
they record only the total number of all types 


1In this article, the term trucks is used to indicate single- 

unit trucks; truck combinations to indicate tractor-truck- 

Semitrailers (with or without full trailers) and trucks with 

_ full trailers; and trucks and truck combinations to indicate all 
of these vehicles together. 
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Reported by THOMAS B. DIMMICK, Highway Economist 


passing. Trends in type, weight, and char- 
acteristics of trucks and truck combinations 
were obtained from a summer survey described 
later in this article. Supplemental counts 
made by several States yielded valuable in- 
formation concerning the total volume of 
rural traffic within their boundaries and its 
classification by types of vehicles. Considera- 
tion has been given to all such available data, 


and those derived from the sample with the- 


most complete coverage were given preference 
in this analysis. In instances where States 
have prepared and submitted vehicle-mile 
travel estimates, these have been employed 
rather than estimates made by applving 
trend factors. 


Figure 1 illustrates the variation in rural 
traffic in the three main geographic divisions 
and in the United States as a whole in the 
year 1947; in the previous year, 1946; and in 
the peak prewar year, 1941. In the three 
eastern regions, 1947 traffic was less than that 
in 1941 throughout most of the year; whereas 
in the other regions the 1947 traffic in each 
month was well above that of the correspond- 
ing month of any previous year. The States 
comprising each of these regions, which have 
been established by the Bureau of the Census, 
are indicated in the first column of table 3, 
page 147. 


Vehicle-mileage of travel on all rural roads, 
by type of vehicle, is shown in chart form for 
each year from 1936 to 1947, inclusive, in 
figure 2. Evident from this chart is the 
stability of the truck traffic. Even during 
the war period it decreased less than 26 per- 
cent from the prewar high, while passenger-car 
traffic decreased over 45 percent. Truck 
traffic, as well as passenger-car traffic, has re- 
gained all of the wartime loss and now stands 


-about where indicated by the prewar trend. 


Travel by truck combinations during the 
years of the war was even more stable, and 
maintained throughout that period approxi- 
mately the same level as in 1941. Since the 
end of the war period, the vehicle-mileage of 
truck combinations has increased annually at 
a rapid rate. 


The ratios of rural traffic volumes in 1947 
to those in corresponding months of 1946 and 
1941 are shown in table 1. The uniform in- 
creases in traffic in 1947 compared to 1946, in 
all sections of the country, are clearly shown. 
With the exception of the Middle Atlantic 
region (in March and in December) the traffic 
in every region for every month was equal to, 
or greater than, that in the same period of the 
previous year. On the other hand, the com- 
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Figure 1.—Travel on all rural roads in 1941, 
1946, and 1947, by months. 
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Figure 2.—Travel on all rural roads, 1936-47, 
by classes of vehicles. 
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Table 1.—Ratio of traffic volume on rural roads in 1947 to that in corresponding months 
of 1946 and 1941, as determined from automatic traffic recorder data 


































































































Table 2.—Percentage of annual traffic 


Region 





Region Jan. | Feb. | Mar.| Apr.| May} June| July | Aug.} Sept.| Oct. | Nov.} Dec. | Total 
RATIO OF 1947 TRAFFIC TO 1946 TRAFFIC 
Eastern regions: > 
New oP eiand te ese a oe S18) )°1.19' 121.07. | 1.08 fee EL ED, OO Tail S400 2 el OF OL 1.10 
Middle Atlantie____----- diet By ie $07) 1107) A090 Tato hel he Wea 208) |e 12 en 06 . 98 1.09 
South Atlantic.....-.-.-- VI2k VIO) L007 eels eS | Vela Tbe LO LZ teOs ton 07 1.12 
ANerage. sos eee ee 119 | Doll fod O04 12 Lea Pea Bey aS |) 100K) Lal a2 077 108 Vail 
Central regions: 
East North Central _---- E21 a 110 1 OGk Ae Tae 4 So Tels ele La SET OSes 03 ia bh 
East South Central-__-_- 1.04 | 1:03.) 1.05 | 1.10 | 1.11,] 1.12 | 1.11 | 1.09 | 1:06 } 1.09 | 1.08 | 1.10 1.08 
West North Central____- 1916151, 00 Mt OB IN E070) LaL1e) DE TS eto ei 84 era On 02 set O04 1.10 
West South Central___-- 1.00 | 1.02 | 1.02 | 1.06 | 1.05 | 1.07 | 1.06 | 1.06 | 1.05 | 1.04 | 1.06 | 1.06 1.05 
Acverage204 See 1.12 | 1.06 | 1.06 | 1.09 | 1.11 | 1.12} 1.11] 1.11 | 1.09 | 1.09 | 1.04 | 1.05 1.09 
Western regions: 
Mountain 22 een. F500 44.07 | SAL LOS ShaL LE OLS eb el tos | eae eae ee Ose dL Jolt 
Paciticuc =. AAs. won 1.09. | 2,33 jed2108F 1208"), 1208s) 1.071 OBC OF eh OL ved 00M) ate is 1.07 
Average aan a5-te-—- 1.09 | 1,11 | 1.10 | 1.08 | 1.09 | 1.08 | 1.08} L.09 | 1.05 | 1.04 .1.10') 1.12 1.08 
United States average------- 2513) 1, OON O64 15105) todd pave 12 etd He Te OSs 00s tat 06. 1.09 
RATIO OF 1947 TRAFFIC TO 1941 TRAFFIC 
Eastern regions: 
New England___---.-.-- 1507 We) 80 E05 nL) 86a SSS, Soares 81 Sos a O 7a oo 81 .89 
' Middle Atlantic___.----- 1/08.| 1:07). ".82 | = .965) .86 | “587.1 2.95. |) ..83) 1° 1.00 | 15047) 2596 "| 91.04 -95 
South Atlantic_--------- 1.18 | 1.11 | 1.13 | 1.10 | 1.08 | 1.08 | 1.04 | 1.02 | 1.06 | 1.14 } 1.09 | 1.08 1.09 
iA Vera) eee 1132) B08 (ek 99.) LON) el 04 He Obst, OG he 00s MOS eI O07 99 | 1.02 £99 
Central regions: 
East North Central ----- 1:30) 3.24.) 3522 MY 75 | 1124 106). 98a. Li07e | dO) 14a te O38 . 90 1.09 
East South Central----- LULL Z TAS eye bt P08. OF el LOD Tals iets et, a2) 1.16 1,14 
West North Central____- e168 |) 4,065) 1.:05-)1.,06") 25029 2507.) 2065108 eis tai aS i 00 . 98 1.06 
West South Central_-_-_-- P2075) Ap QA 22 L271 28) | See ed 2A LDS We le2 pole goalol. Joule L. 1o 1,22 
IA Veragesi sees ee 1.21 | ATO ASS PLL Toe PSO O68 La lone tats | Thera et Oo ade OL Lone 
Western regions: 
Mountains e. 2S eee L21 GFT 9 oh Leder Gs 12 eT lidsapeiseh a 1265) Lagoa aa07s | aol 117 
Pavificus ea ee. eee ees Del) TeSL sl tees 28i e234 et S0 | eles Talos: | eltoonleieeeel ein 1.30 
IAVeragerc.2< 5-228 1,28) |) 127 1..24) M241 1G) BSS) Tos eS ie Sie SOs 1S) teen 1.25 
United States average------- 1 CO RTOS U2 LS tO Oe lel Obie ae Otel bal tess eal be OD vali 1.10 
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parison of 1947 traffic figures with those for 
1941 shows that traffic was generally higher, 
month by month, in 1947 than in 1941 in the 
South Atlantic, Central, and Western regions, 
while travel in the New England and Middle 
Atlantic regions remained generally somewhat 
below the levels attained in the earlier year. 
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Table 2 indicates the differences in the 
regional annual traffic patterns for the year 
1947. Normally, for the United States as a 
whole, the summer months of July and 
August have higher percentages of traffic than 
other months of the year. This is generally 
true for the year shown although, as would be 


Table: 4.—Ratio of 1947 traffic to corresponding traffic in 1946, from summer counts 
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expected, the yariation is less marked in the 
South Atlantic and West South Central 
regions. In these regions storms and cold 
weather generally cut traffic less in winter than. 
in the northern areas and also tourist and 
resort travel is relatively less in summer. 


1947 SUMMER SURVEY | 


During the summer of 1947, the highway 
departments of 44 States, in cooperation with | 
the Public Roads Administration, conducted 
a survey to obtain the trends in the volume 
and composition of traffic, and weights of_ 
trucks and truck combinations on rural roads. — 
This survey followed, in general, similar 
surveys conducted each summer for the neath 
5 years.? } 

All States participated in these surveys 
except Wyoming, Maryland, Virginia, and — 
Illinois. In Wyoming, an expanded weight, 
survey was in progress but reports from it were > 
not available for inclusion in this analysis. j 

The majority of weighing stations were oper- ; 
ated during July, August, or September al-— 
though Arizona, California, and Florida com- 
pleted their work in June, Minnesota COC 
ducted the operations from May through > 
August, and Mississippi operated for the entire 
year. j 

The stations used in these surveys were se- 
lected initially to give a representative cross : 
section of traffic on main rural roads, and were 
operated generally for 8 hours on a weekday, 
either from 6 a, m. to 2 p. m. or from 2 p. m. 
to 10 p. m. All traffic passing through the 
stations during the period was counted and— 
classified into the following categories: local 
passenger cars; foreign (out-of-State) pas- 
senger cars; panel and pick-up trucks; other 
2-axle, 4-tired trucks; 2-axle, 6-tired trucks; 
3-axle trucks; tractor-semitrailer combina-— 
tions; truck and trailer or tractor-semitrailer 
and trailer combinations; and busses. ; 

The survey period, number of stations oper- 
ated, number of vehicles counted, and number 
weighed are shown for each State in table 3. 
A total of 961,597 vehicles were counted at all 
stations during the period of the survey. 
Trucks and truck combinations numbered 
192,341 or 20 percent of the totalcounted, Of 
these, 95,220 or 49.5 percent were stopped 
and weighed. 

Wherever traffic volume permitted, all 
trucks and truck combinations were stopped 
and weighed. Where this procedure wag 
impracticable, a sample was obtained by 
weighing all of the uncommon types and 
omitting only vehicles of types sufficiently 
common so that a partial sample would be 
adequate to establish their characteristics. 
The type of vehicle, whether it was loaded or 
empty, and the number of axles were recorded. 
The axle spacing and total wheelbase length 
of the heavier vehicles‘ were measured. 








«a 


2 See Traffic trends on rural roads in 1946, by T. B. Dimmick 
and Mary E. Kipp, PusBuic Roaps, vol. 25, No. 3, Mar. 1948; 
Traffic trends on rural roads in 1945, by T. B. Dimmick, 
Pusuic ROADs, vol. 24, No. 10, Oct.-Nov.-Dec. 1946; and 
Amount and characteristics of trucking on rural roads, by 
J.T. Lynch and T. B. Dimmick, Pusiic Roaps, vol. 23, No. 
9, July-Aug.-Sept. 1943. 

3 Single units weighing Jess than 11% tons. 

4 Single-unit trucks weighing 13 tons or more and truck 
combinations weighing 17 tons or more. { 
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Passenger cars and busses were counted but 
ot stopped for weighing. 


TRAFFIC INCREASES 


rt The ratios of 1947 summer traffic counts to 

corresponding counts in 1946 are given for 

the main vehicle types in table 4. The more 
detailed vehicle-type classification is not 
shown in this table because it was not made 
prior to 1947. Particularly noticeable in this 
table is the increase in trucks and truck com- 
binations observed in every section of the 
country. The increase of single-unit trucks 
counted in the Pacific region and of truck 
combinations in the East North Central 
‘region is most noteworthy. In all regions 
except the New England and Mountain 
regions, truck and truck-combination traffic 
‘increased faster than passenger-car traffic. 
This was particularly true in the East North 
Central region where the passenger cars 
observed increased 10 percent while trucks 
and truck combinations increased 23 percent, 
and in the West South Central region where 

the passenger-car counts increased only 3 
“percent compared to an increase of 14 percent 
in the truck and truck-combination counts. 
Foreign passenger-car travel fell off surpris- 
ingly in the South Atlantic region and in the 

West North Central region. 

Table 5 shows the percentage distribution 
of traffic by vehicle type in 1947. In this 
table the single-unit trucks are divided into 
the four new classification types that have 

been recommended by the Public Roads 

Administration and adopted by most of the 
‘States. The classification of trucks into these 
groups permits more positive identification 
than the use of the old ‘light, medium, and 
heavy” categories, and the groups are more 
_ homogeneous than those formerly used. 

_ The percentage figures for the various types 
in table 5 indicate that the West South.Cen- 
tral, East South Central, and Mountain 
regions have larger percentages of trucks than 
_ the areas with heavier travel such as New Eng- 
land, East North Central, Pacific, and Middle 
Atlantic regions. The table also shows that 
local conditions in some areas apparently 
__ encourage the use of certain types of vehicles, 
such as 2-axle, 6-tired trucks that are especi- 
- ally popular in the West North Central region, 
or the truck and trailer combinations that 
are used in the Pacific region to a greater 


extent than elsewhere in the country. 
4 


_ AVERAGE WEIGHTS NOW RELATIVELY 
16. STABLE 


_ Figure 3 shows graphically the average 
- weights of loaded and of empty single-unit 
$e: trucks, of truck combinations, and of all 
_ trucks and truck combinations, in the summers 
la ‘of 1942 to 1947, inclusive, and in a correspond- 
ing period of a prewar year, generally 1936 
| or 1937. This chart shows that the weights 
of both loaded and empty single-unit trucks 
increased each year from the time of the first 
Survey through 1945, and since then have 
decreased slightly. On the other hand, the 
weights of both loaded and empty truek com- 
binations increased each year of the period 
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Table 3.—Survey period, number of stations operated, number of vehicles counted, and 


number weighed in each State in the special weight survey during the summer of 1947 




















1 No survey made in 1947. 



































































































































2 Tehi 
Pets Vehicles counted Trucks cad 
Regi 7 umber |-— eombina- 
gion and State Survey period of stations an Weothd mat tions 
vehicles | truck com-| weighed 
binations 
New England: 
Connecticut. 3) eae ODE. Sloe <3} See eee 10 26, 918 4,815 2, 348 
IY 1 eV, | SD fries ail a July’ 25-AUg. 26 eee sts 10 25, 360 4,138 1, 512 
Massachusetts oy Ae AUST /NS-20 Soe eee, ee 10 28, 565 4, 848 2, 219 
New Hampshire_-.-__________ JULY 2-Ang wl aes wero 5 13, 891 1, 714 548 
eiwode: sland soc 5 ee July: 2874 gee eee ae 5 11, 466 2,096 970 
Vermontas 2? 32°85. 2 ae ANG 458 = Meneses nee Baten tS 5 8, 385 580 580 
buabtocal. “2a ee ae oe ae a pot oo ee ar ae Ee ew oP aks 45 114, 585 18, 191 8,177 
Middle Atlantic: 
IN@wil@rseyce lie 22. ee Augy4—Sept; ac. sre se 0 10 59, 277 TE O12 aby 
ING Wie eOrk. ©5222 32020 eh ODE 22-2O ue ee See Be: 2 20 36, 938 9, 515 3, 543 
Pennsyivaniaos =) si JATIG nO eee ae: Se eee 10 36, 425 6, 432 1, 633 
SUuDtocals 02.28 Rote eee eee Bee Oar 40 132, 640 26, 959 7,054 
South Atlantie: 
Delaware_...____-- Sa: Si ae, DED so Otte tea. eee eee 4 11, 004 3, 148 447 
lori sate 4 es ye Pe Tne: 0-30 ce see a Poy Se eet 10 12, 021 2,170 2,112 
Georeianes 2 are WRT? EUs tak Peas et Bebe Eee 10 12, 635 ano Ot 1, 804 
Wanpliand se. vee eee. LD he = ME ea ion me EE TP, NP ey Ce ee ae el (ea ae tae | 2 ae og Si atl ke or Oa 
North Carolina_.___...__.____ AuomlOssent- 0). see meee ee 12 23, 867 5, 546 3, 069 
South Carolina_______ see aS DED Us coe Chat te ee eS 10 15, 147 3, 843 1, 923 
VARIN Ae te he Se SENT INP (Le Mee ceca se eee eee Heh ee IE oe AR cI OR S| ey Sees 
Wiestavirginia eee rs Aube a2 Sept be2355 — 2 9 10, 330 2, 735 1, 244 
SUDvotal en. eee ete ee ee eee eS te ee 55 85, 004 20, 393 10, 599 
Hastermerepionsstptotalsueas .08 | sseeee ee sam eae ee coe 140 332, 229 65, 543 25, 830 
East North Central: 
WNinoisweee : 2 ee eae? (i) fibre PUES AL. | a EL ge ee ee a Ree ae dll Oe ON ee | CR rE. 
Tnidiaiaecee 0 ee oe We PAU ADO Se ett es 8 Rae, 20 36, 105 8, 261 3, 459 
INGICHIS ATi eee hee Sete July 24S Ag Aleta eee eee 10 25, 942 4,091 1, 896 
OIG eae Poe Te ees ty; 29S ATIC A ee ee ee Tee 10 21,473 3, 740 1, 082 
IWisconSiuin. «2b et boar EMU NED?) ie crens sae mee By 15 27, 316 3, 163 1, 804 
Se by Gta] Rees ee ae ae ee ae ease 55 110, 836 19, 255 8, 241 
East South Central 
Alabama lies =2 Ae ord. thes MUST 4A-Sen Gage nns wae ay se 10 9, 591 2, 343 1, 425 
ACONGUCk ys u> seems see 2 ee June 9—July 2422s = ee 10 10, 592 2, 584 948 
IMississip piesa: se ssuaeie es! Jane 2ieWeCihi cesses st 15 17, 728 4, 785 3, 484 
IMENNESSCGE a= Leet me pute ts a OU yc By (Re rae 5 Se oy APE A BS 9 9, 087 2, 311 1, 484 
SRE OS Haye he 2 phe Som er PAE eee Pal UR i, Oa ot ee eran. «a 44 46, 998 12, 023 7, 341 
West North Central: 
LOWS Ae oe ee Oe DULY 2B AU es Sos ao oe ie ee 10 11, 498 1, 960 1, 947 
Kansassen ato Pee sean 7 ATIC R2b=SeD Us Sat tse ee 10 8, 741 1,799 1,040 
IVLINTIOSObae > ae pee ee May 5-June 6 and July 7-Aug. 
UAV ER se at rip pene oe pa le Sa 28 80, 009 15, 510 6, 227 
Missourian te et ee JUL 285A UP. ote. eee ee 42 75, 752 17, 725 11, 505 
Nebraskate. 2-5) en a, July ele Loot e eee Te rap Sota 20 18, 226 3, 844 3, 679 
NOTH akota ss oce. meee PAIS 28 58 ee eee sr Se 10 13, 767 2, 781 1, 839 
South Dakota... 2 -.ee tae 28- —Aug. TS SRR paige LORE 9 4, 305 925 872 
Siblotals eee es, Cel ent eerie tee See ee ee ree 129 212, 298 44, 544 27,109 
West South Central 
AT KANSHS28 sles eee ey AUR: A157 ae ee ee Pe ae 10 13, 611 4, 276 1, 340 
ouisiana 22a ee seek ont July 28SAuenSs. ee set 10 7. 551 2, 337 2,104 
Okjahonigeuce. see tee ae PT ESS iy aaieda mee Cy abet TERS Tae 10 13, 747 3, 068 3, 068 
ex ase GEL 25 a eee Sere JUBO 7 -AUSY 22. eee See 17 23, 728 5, 392 2, 273 
BUCO acco one sates ge ae ee eee a oe. eae eee 47 58, 637 15, 073 8, 785 
Centraliregionss subtotaleces= 4 ios ees ee ee nee Shoe ee ba 275 428, 769 90, 895 51, 476 
Mountain: : ie 
ATIZOUA = Hee eee ee ee ee Tune G2Q0eS sess eee sah 10 8, 920 1, 672 661 
Colorado: Me Se 2 ae Ata. 5220) Sete) ee et 10 23, 397 3, 866 1,051 
Tdahoe gos te ee ee PATIO S420 See Seem Se eee © 13 14,016 2, 587 2,069 
Monitand: ee Ure 08 5 Def - Ue ROSATO Nope ate eee oe 18 14, 640 3, 000 2, 393 
ING VAC ase. {a ween See July 2S ATI gE 12s eee 10 6, 224 784 765 
INew México!.cte_ Po ae © July 2 Aue. 72 sos sor eS 10 9, 033 1,901 1, 542 
aa cee ee ed July 28-AUgs Bas ee et 10 15, 366 2, 649 851 
Wiyomingeejee 6 ee ees He cs Ok NS ES TI io BN pets 0 dF Sh (ee See ||. Sim ie cemeian Piers a oo 
Sibtotals: Pee eo Bice ee ee See ee eee ee ae Aol 2D 81 91, 596 16, 459 9, 332 
Pacific: ‘ 
Califormiajws. sss oes ees May.27-June: 302 222 eee 20 72, 375 13, 284 4,117 
Orezon jc. eer ATICALI=206 Reso 2. es ee 9 19, 208 3, 582 2, 509 
WV ASTI UOT pee Senenee mite seins SOD toca kOn ie Te a ke ow et 10 17, 420 2, 578 1, 956 
Subtotalés. 2 es See ee ee ee ee aa 39 - 109, 003 19, 444 8, 582 
Westermregions:; subtotala umes Als. 2 sees Ban Oe ake eee 120 200, 599 35, 903 17, 914 
United States total._-....-_-___-- Sh eee NT te eS: Ws BS8.~ 2) 2 Ot, BOT 192, 341 95, 220 











2 Made an expanded survey in 1947 that is not comparable with previous counts. 


shown. The average weights of the various 
types of loaded and empty trucks and truck 
combinations in the summer of 1947 are shown 
in table 6, for the different regions. This 
table brings out clearly the important differ- 


ences that exist in the weight characteristics 
of the vehicles in the different groups of the 
new classification. It will be noted, for 
example, that for the United States as a whole 
the loaded 3-axle, single-unit trucks weighed 
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Table 5.—Percentage distribution of traffic, by vehicle types, in the summer of 1947 


























Eastern regions Central regions Western regions 
ESS Pete 
tates 
Vehicle types ee ; East East West West 7 ’ 
ehicle types New Middle jee Average | North South North South | Average pean Pacific | Average average 
England | Atlantic | Atlantic Central | Central | Central | Central 
shay pest rhe Pe ORE hoes AAS 57. 84 63. 52 57. 88 60. 04 59.19 54. 72 58. 44 58.39 58. 26 40. 58 68. 34 59. 11 59. 00 
Poreign = 6. 225 See. Ae eee 24. 68 15. 09 17.22 17.45 23. 00 21. 82 18.07 15. 87 19. 92 36. 33 11. 50 19. 75 19. 08 
AJ) passenger cars..222s"..24.- 2-0-2 82. 52 78. 61 75. 10 77.49 82.19 76. 54 76. 51 74. 26 78.18 76. 91 79. 84 78. 86 78. 08 
Single-unit trucks: 
aE Panel and mre Reine ea ee OE A | 5. 47 4.7 6. 81 5. 83 3.95 7.32 5. 60 9.13 6.03 9. 61 3.89 5.79 5. 92 
ther '2-axile, 4-tivedee. oat se. eee se | . 53 1. 54 . 75 1.03 . 20 . 66 1, 21 . 63 . 61 . 43 1.63 Py . 86 
(thor 2-axleG-tired sues. ete nk 6. 54 8.02 8. 59 8.08 6.17 9. 41 10. 61 8.16 8.14 7. 54 3.62 4.93 7. 54 
TD hregsakle;. <-s529 eee -. e . 34 . 66 . 88 12 . 66 . 34 221 22 . 40 .48 2. 59 1.89 Wy | 
All single-unit trucks.._..--_---. --- 12. 88 14. 98 17.03 15. 66 10. 98 17.73 17. 63 18. 14 15.18 18. 06 11. 73 13. 84 15.09 
Truck combinations: 
Tractor-truck and semitrailer____-_-_-_- 3.18 5.31 6. 23 5.45 5. 82 4.05 4. 66 6. 30 5. 44 3. 30 4.49 4.10 5.19 
TWuick BUG tealler 21-2 ee ees Se 01 .03 .02 . 02 C20) mee oe 22 - 40 +20 . 62 3.04 yo: . 54 
All truck combinations_____-_--___- 3.19 5.34 6. 25 5. 47 6. 08 4.05 4.88 6.70 5. 69 3. 92 T5383 6. 33 5. 73 
All trucks and truck combinations___-__---- 16. 07 20. 32 23. 28 21.13 17. 06 21. 78 22. 51 24. 84 20. 87 21. 98 19. 26 20.17 20. 82 
(SUSSEs eee oe a eel ee ee 1.41 1.07 1.62 1.38 15 1. 68 . 98 . 90 95 veal . 90 .97 1.10 
ADL VeliGleS ses 15-1. oo eee eee eS eee --| 100.00 100. 00 106. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 

















more than twice as much as the 2-axle, 6-tired 
trucks, and that similar differences existed 
throughout the classification. 


TRUCK TRANSPORTATION HAS 
PHENOMENAL INCREASE 


Figure 4 shows a comparison of the esti- 
mated vehicle-miles of travel on main rural 
roads® of both the loaded and the empty 

5 Main rural roads, as referred to in this article, comprise 


about 345,000 miles of the principal routes in the United 
States. 
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WEIGHT OF VEHICLES INCLUDING LOAD 
WEIGHT OF EMPTY VEHICLES 





single-unit trucks and truck combinations, 
separately and combined, for each year from 
1936 to 1947, inclusive. This chart shows 
more clearly than figure 2 the steady growth 
of truck traffic during the period 1936-41, the 
temporary effect of the wartime restrictions, 
and the phenomenal upsurge in highway truck 
transportation since the war. ‘Travel by 
single-unit trucks in 1947 increased 16 per- 
cent above that for 1946; that of truck com- 
binations increased 21 percent; and that of 
all types increased 18 percent. The increases 





of travel by loaded vehicles, considered sepa- 
rately from empty vehicles, were even greater. 
Travel by loaded single-unit trucks in 1947 
increased 21 percent above that for 1946; 
that of truck combinations increased 23 per- 
cent; and that of all types increased 22 percent. 

Table 7 gives a comparison, by regions, of 
the estimated vehicle-miles of travel by vehi- 
cles of different types on all main rural roads 
in 1947 and 1946. While total travel in- 
‘creased a considerable amount (11 percent) 
over the previous year’s total, even larger 
increases were found in the travel by freight- 
carrying vehicles.. These increases were indi- 
cated in every census region but were more 
noticeable in the Pacific region, where truck 
and truck-combination traffic increased 26 


uo 
°o 


percent over the previous total, and in the 
East North Central region where it increased 
23 percent above the 1946 estimate. 

A second important trend that is indicated 
by the figures in table 7 is the continued in- 
crease found in many sections of the country 
in the more general use of the heavier com- 
mercial vehicles. In every region east of the 
Rocky Mountain States, except in the West 
North Central and the South Atlantic regions, 
the vehicle-mileage of truck combinations 
increased more rapidly than that of single-unit 
trucks. In the Pacific region, on the other 
hand, where the use of loaded truck combi- 
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vT c wo ~ a 
gd a t+ vt = ° . . 
> é a a ef nations had increased phenomenally in pre- 
a a nokuet ° - : 
SINGLE-UNIT TRUGKS TRUCK COMBINATIONS TRUCKS AND COMBINATIONS vious years, the vehicle-mileage of this type 


increased only 12 percent as compared to 37 
percent for single-unit trucks. 

Figure 5 gives a comparison of the average 
load carried by single-unit trucks,truck com- 
binations, and all of these vehicles combined, 
in the 12 years since the planning surveys were 
commenced in 1936. The chart shows the 
general upward trend of load weights through- 
out all except the last 2 years of this period. 
In 1947 the average carried load both of 
single-unit trucks and of truck combinations 
declined slightly from the 1946 level but, be- 
cause of the increased ‘proportion of com- 


Figure 3.—Average weights of loaded and of empty trucks and truck combinations in the 


summers of 1942-47 and in a corresponding period of a prewar year. 
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aaaiaiel ld, binations, the average for all vehicles re- 
oe ee oe a ee eee mained practically constant. From 1936 
” ” - - v . - 7v v v m " nm nr v< vv vz vt v vt v v Mm 1m nm v v vv Tv Tv v = E . . 
SSSRRSSSSTTE FSFTRSSES SSSR 23 Ga 5 yh08 S30eee to 1947 the average carried load on single- 
SINGLE-UNIT TRUCKS TRUCK COMBINATIONS TRUCKS AND COMBINATIONS 


unit trucks increased from 1.9 tons to 2.3 


Figure 4.—Travel on main rural roads by loaded and empty trucks and truck combinations. tons, an increase of 21 percent; the average 
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Table 6.—Average weights (in pounds) of loaded and empty trucks and truck combinations, by vehicle types, in the summer of 1947 
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1 Percentages of total 1947 travel by passenger cars and by busses is reported separately in table 5. 
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iy 
eS Eastern regions Central regions Western regions 
; aa — — ——| United 
“ Vehicle type States 
A ; East East West West 
New Middle South ; ; average 
+, | Average | North South North South | Average |Mountain| Pacific | Average 
England | Atlantic ues Central | Central | Central | Central 
; AVERAGE WEIGHTS OF LOADED TRUCKS 
- | Single-unit trucks: 
Panel and pick-up Sig oe 2. ene 6, 321 * 4,774 5,127 5, 187 5, 462 4, 990 4, 800 5, 378 5,199 5, 681 4,070 4, 660 5, 109 
Otnerd-axle; 4-tired 4... 2320 -42ks 2) ee 9, 320 7, 044 8,770 7, 872 8, 120 6, 207 6, 738 7, 897 7, 227 8, 580 8, 258 SOT S16 
Other 2-axle: 6-tired 5. 2222 LoS eek 14, 544 14, 216 12, 221 13, 227 13, 485 12, 685 12, 420 12, 452 12,805 18, 193 11, 246 12, 083 12, 871 
‘ Oe See OO ie aoe eed nee ae 29,355 | 28,122 | 24,104 | 25,595 | 32,809 | 28,920 | 24,115 | 24,308 | 30,676 | 24,837 | 25,169 | 25,145 | 26,711 
. Avera Osa J oe. 2 cai ee 11,779 | 11,786 | 10,247 | 10,978 | 12,314 | 10,963 | 10,127 9,038 | 10,622 | 10,776 | 11,774 | 11,507 | 10,897 
Truck combinations: 
Tractor-truck and semitrailer__......_--- 37, 141 39, 358 34, 726 36, 557 35, 422 30, 704 36, 711 32, 122 34, 371 40, 843 45,179 44, 059 36, 594 
exrockand trailer... — 22-2 2t Ss. ee (1) (1) (1) (1) LARC oy |S erty 3 19, 081 19,704 | 33,259 | 51,630 52,378 | 52,099 | 46,574 
DAS (0) CCAR a elias See Sie Bes of Bey 37, 223 39, 293 34, 713 36, 560 36, 405 30, 704 35, 600 31,197 34, 312 42,215 47,771 «| 46,625 37, 498 
Average, all trucks and truck combinations_| 18,196 | 20,341 | 16,792 | 18,214 | 23,663 | 16,396 | 16,869 | 15,639 | 18,862 | 19,427 | 22,028 | 21,111 | 19,047 
AVERAGE WEIGHTS OF EMPTY TRUCKS 
Single-unit trucks: 
Panel and pick-up__-_-.------ a bar 4, 689 3, 976 3, 744 3, 937 4,109 3, 943 3,730 4,273 4, 057 3, 967 3, 468 3,777 3, 965 
Oiher/2-axle, 4-tired = "20-2. =. 7. 7, 103 4, 992 5, 740 5, 327 6, 110 4, 680 4,718 5, 339 5, 060 5, 221 5, 545 5, 485 5, 271 
Giner2-axleiG-tireds see - 2852 8, 412 6, 137 6, 898 6, 779 6, 991 7,172 7, 160 7, 189 7, 129 7, 184 7, 514 7, 328 7,036 
Cg eee a ee 16,899 | 13,339 | 11,054 | 12,480 | 15,048 | 11,835 | 12,248 | 12,099 | 13,766 | 13,514 | 14,605 | 14,515 | 13,777 
PROP AGO ete so i oat Sg 6, 719 6, 687 5, 456 6, 073 6, 046 5, 502 5, 730 5,579 5, 716 5, 244 7, 324 6, 267 5, 932 
Truck combinations: 
Tractor-truck and semitrailer:.s-- 222 --- 20, 499 19, 605 17, 075 18,399 18, 344 15, 813 17, 765 15, 830 17, 094 20, 429 21, 100 20, 814 17, 942 
moruck andetrailer: = 2255 ee Soe en (1) (1) (1) (1) D4 SOLae ees a. 11,609 | 15,773 | 20,130 | 28,252 | 21,930 | 22,982 | 21,933 
PANOTAC Gre eau, Seman ead apes 20, 498 19, 623 17, 072 18, 405 18, 871 15, 813 17, 528 15, 816 17, 249 21, 778 21, 531 21, 606 18, 304 
Average, all trucks and truck combinations- 8, 536 9, 110 7, 484 8, 232 9, 854 6, 555 7, 834 8, 017 8, 153 7, 228 10, 520 8, 959 8, 321 
1 Data omitted because of insufficient sample. 
‘, Table 7.—Comparison of estimated 1947 vehicle-miles of travel on main rural roads with corresponding figures for 1946 
eee ot ES All Ebr Single-unit trucks Truck combinations 
Region and year a aie = ; s pocemee peri S 
ercentage . ercentage : ofa : of a rahe 
of all Mage of all pols trucks and NORGE trucks and Module 
vehicles ee vehicles sae truck com- a truck com- mies 
binations binations 
Eastern regions: 
oe ecard: Thousands Thousands Thousands Thousands Thousands 
ea Ss. Se SER) 3 oS ee 5, 713, 086 83.3 4, 759, 184 16.7 953, 902 82.1 783, 031 17.9 170, 871 
i947 Sas Sane 4 ee isk at: 85 Re Sa glade 6, 298, 391 83.9 5, eo 129 16,1 1, 012, 262 80.1 811, 285 19.9 200, 977 
O47 aml 946 wert O Meee ee Se 8 Te es ba 1.10 1,01 Ea . 96 1.06 . 98 1.04 1.11 1,18 
Middle Atlantic: ‘ 
G4 Gee ren ee an ends ee per od es ae 15, 532, 600 80.9 12, 564, 265 19.1 2, 968, 335 75.3 2, 234, 986 24.7 733, 349 
Tht Nha eS OC ae Ee POS Seat re Oe oe 17, 207, 662 79.7 13, 711, 322 20.3 3, 496, 340 Tank 2, ae 225 26.3 919, 115 
BOG MOS O POLIO. aes Pee RO SOE Se aE ae PAUL .99 1.09 1. 06 1.18 .98 1,15 1.06 1. 25 
South Atlantic: 
TE4G pera gee oer es Cetra VE ee SRE 18, 439, 919 77.5 14, 290, 746 22,5 4, 149, 173 W229 3, 025, 426 201 1, 123, 747 
TNE VCs LE ee Le VE LARS © ee ee ee ee ee 21, 193, 968 76.7 16, 260, 267 23.3 4, 933, 701 7607) 3, 609, 723 26.8 1, 323,978 
NOS ee LOAG TALIO Lees ae ee ee ee ae! 1.15 .99 1.14 1. 04 1.19 1.00 1.19 .99 1.18 
4 Subtotal: ; 
UGE Rees oe 2 AS Ae Ss ar 39, 685, 605 79.7 31, 614, 195 20.3 8, 071, 410 74.9 6, 043, 443 25.1 2, 027, 967 
iM Vic 2 ae 8 eae eee 44, 700, 021 78.9 35, 257, 718 21.1 9, 442, 303 74.1 6, 998, 233 25.9 2, 444, 070 
OAT LUSOIT AIO sas eee oe ee Oe 1.13 .99 112 1. 04 Ba l7/ .99 1.16 1.03 1,21 
Central regions: 
East a4 era Central: 
Ee eee ee is Lt eet oo See 23, 563, 034 84.4 19, 898, 197 15.6 3, 664, 837 66. 7 2, 444, 116 33.3 1, 220, 721 
: 19d Dene eek aE LR i ke EE See er 26, 432, 337 82.9 21, 923, 580 Lek 4, pe 757 64. 4 2, 902, 341 35. 6 1, 606, 416 
BOS fe O40 TAtlO See cts eh es LNs . 98 1.10 1.10 1, 23 :97 1.19 1.07 1,32 
‘ East South Central: ; 
TROY Ce ac Se. 8 i Ea a 7, 470, 206 78.5 5, 867, 331 21.5 1, 602, 875 83.1 1, 332, 105 16.9 270, 770 
Od Teeter re En Se he Se Sk US 8, 288, 771 78.2 6, 482, 965 21.8 1, 805, 806 81.4 1, 469, 955 18.6 335, 851 
ed a OLOtA GIO Mere en ek tt le os ie 111 .99 1.10 1.01 1,13 . 98 1.10 1,10 1, 24 
West N. por Central: 
Oe Ss. ys Ee ee ee ee Se 14, 971, 991 78.5 11, 755, 049 21.5 3, 216, 942 7802 2, 514, 597 21.8 702, 345 
ee TSE Sy Oe Sol Se 16, 528, 990 77.5 12, 807, 372 22.5 3, 721, 618 78.3 2, 914, 132 21.7 807, 486 
i TOA LOGO TALON ae ey Lanes Le eS eS 1.10 .99 1.09 1.05 1.16 1.00 1,16 1.00 1,15 
prest South Central: 
D4 Seer eee Niet Po st eke see 15, 721, 893 tl. 2 12, 130, 839 22.8 3, 591, 054 75.9 2, 724, 193 24.1 866, 861 
ior Aged a aS Se Se ae eS ee 16, 533, 940 75.2 12, 426, 948 24.8 4, 106, 992 73.0 2, 998, 788 27.0 1, set 204 
UO Tey Cj ieee Be 8 seh SI AY pes a AE 1.05 .97 1.02 1.09 1,14 .96 1.10 1,12 1.28 
Subtotal: 
iil asgeiet Eee eee ees eee 61, 727, 124 80, 4 49, 651, 416 19.6 12, 075, 708 74.7 9, 015, 011 25.3 3, 060, 697 
ROE eee ee a se ee er Ses oS 67, 784, 038 79.1 53, 640, 865 20.9 14, 148, 173 Af 10, 285, 216 27.3 3, 857, 957 
, Bd el OA PEO SMe oa ee ee See 1.10 . 98 1. 08 1.07 7, .97 1.14 1.08 1, 26 
- Western regions: 
‘2 Mountain: 
’ LRUCGY 1 Os at. RR 8 it eee ee oo Jee eee 7, 476, 867 78.1 5, 837, 284 21.9 1, 639, 583 82.0 1, 343, 755 18.0 295, 828 
4 he eal a Lae hese ee oe 8, 324, 525 78.0 6, 495, 071 22.0 1, 829, 454 82.2 1, 503, 184 17.8 326, 270 
. Pao GAO PADNO ae rae as ae Se tee be 1.00 Una ih 1.00 WAZ 1.00 Tri2 .99 1.10 
4 Pacific: 
UGG eo ee eee ate ae eee ee 15, 259, 494 83.2 12, 700, 388 16.8 2, 559, 106 56.1 1, 435, 685 43.9 1, 123, 421 
TRV gs) oa gal eS ge ene ee ae See 16, 703, 515 80.7 13, 486, 242 19.3 3, 217, 273 60.9 1, 959, 729 39.1 1, 257, 544 
ROA Tet OAD PALO te keene es Fee ee 1.09 97 1. 06 1.15 1, 26 1.09 iS y/ . 89 1.12 
Subtotal: 
OR et ee ES Se Sen, ee ae ee eee 22, 736, 361 81.5 18, 537, 672 18.5 4, 198, 689 66. 2 2, 779, 440 33.8 1, 419, 249 
A meee a) Ome a Nah a ee ee 25, 028, 040 79.8 19, 981, 313 20. 2 5, 046, 727 68.6 3, 462, 913 31.4 1, 583, 814 
dS Pere OA OITA LAD oe be re eee ees Se 1.10 . 98 1. 08 1.09 1. 20 1. 04 1, 25 . 93 1.12 
‘United States total: 
LAG wes Seely ess ee Se 124, 149, 090 _ 80.4 99, 803, 283 19.6 24, 345, 807 73.3 17, 837, 894 26. 7 6, 507, 913 
ig th lege 0k Se aE, Sige > > Sal eee ae 137, a 099 79. 2 108, 879, 896 20.8 28, 632, 203 72.5 20, 746, 362 27.5 7, 885, 841 
TOs Fl O46 ratio... 6. Soa. t 3 ok ee i 2 ee ee A ea . 99 1.09 1.06 1.18 .99 1.16 1.03 1, 21 
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10 TRUCKS AND TRUCK COMBINATIONS, COMBINED 
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Figure 5.—Average load carried by trucks 
and truck combinations on main rural 


roads, 1936-47. 


load carried by truck combinations increased 
from 6.9 tons to 9.6 tons, or 39 percent; and 
the average of all types combined increased 
from 2.9 tons to 4.8 tons, or 66 percent. 
Figure 6 shows a comparison, for each year 
from 1936 through 1947, of the ton-miles of 
freight carried by trucks and truck combina- 
tions on main rural roads. The chart demon- 
strates how truck combinations are transport- 
ing each year a larger portion of the total 
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Figure 6.—Estimated ton-miles carried by 
trucks and truck combinations on main 
rural roads, 1936-47. 
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amount of highway freight. In 1936 the truck 
combinations accounted for approximately the 
same ton-mileage as the single-unit trucks while 
in 1947 the ratio increased to more than two to 
one. The sharp increase in the total ton-mile- 
age during the last 3 years is especially striking. 


GREATER PERCENTAGE OF LOADED 
TRUCKS 


In table 8 is shown a comparison of the 
percentage of vehicles carrying loads, the 
average carried load, and the ton-mileage car- 
ried for all trucks and combinations, for single- 
unit trucks, and for truck combinations in 
1947 and in 1946, by census regions. For the 
country as a whole, from 1946 to 1947 the 
percentage of trucks and truck combinations 
carrying loads increased from 51.7 percent to 
53.5 percent, that of single-unit trucks 
increased from 46.4 percent to 48.3 percent, 
while that of truck combinations increased 
from 66.2 percent to 67.1 percent. These 
increases are particularly interesting because 
they reverse a trend of decreasing percentages 
of loaded vehicles that had prevailed since 


Table 8.—Comparison of the estimated 1947 percentage of trucks and truck combinations 
loaded, average carried load, and ton-miles carried on main rural roads, with correspond- 
ing figures for 1946 











the beginning of the war, due probably to the 


use of trucks as passenger cars during the 


period of gasoline rationing and vehicle short- 
age. It is to be noted than even in 1947, over 


half of the single-unit trucks were empty, 
which may reflect the continuing shortage of © 


new automobiles. 


As pointed out in the discussion of figure 5, — 
the average carried loads for the country as a_ 
whole were about the same in 1947 as in 1946. — 
Table 8 shows that there was no great change | 
in any of the regions, the greatest increase | 


being 7 percent in the Middle Atlantic region 
and the greatest decrease being 9 percent in 
the Pacific region. 


The ton-mileage transported by all types of 
freight-carrying vehicles, traveling on main ~ 


rural roads, increased about 21 percent in 1947 
compared to 1946; that by single-unit trucks 
increasing 18 percent, and that by truck com- 
binations increasing 22 percent. Increases of 
the 1947 estimates over those for 1946 were 
found in every region both for single-unit 
trucks and for truck combinations. 


nations combined ranged from 9 percent in the 


Single-unit trucks Truck combinations 




















All trucks and truck 
combinations 
Region and year yee 
Per- welsht Ton-miles 
centage ; 
of car- carried 

loaded mea 

load 

Eastern regions: 

New England: Tons | Thousands 
104085 Sie sae 52.4 3.99 | 1,995, 842 
104 7 Aree ee 54.1 3. 99 2, 187, 043 
1947: 1946 ratio____- 1,03 1,00 1.10 

Middle Atlantic: 
1946S" Oe Se eee 57.7 4.10 | 7,023, 600 

04s ert Pee §2.1 4.40 8, 025, 404 
1947: 1946 ratio_____ . 90 1.07 1,14 

South Atlantic: 

1 O46 20 2 Ant ety Aer 2 53.5 4.79 | 10, 637, 066 
OAT. ee a 55.7 4.55 | 12, 505, 330 
1947: 1946 ratio____- 1.04 . 95 1,18 

Subtotal: ; 

[OIG ok. sere eee 54.9 4.44 | 19, 656, 508 

1047-0 Vek eee 54.2 4.44 | 22,717,777 

1947: 1946 ratio.___- .99 1.00 1.16 
Central regions: 

East North Central 
194632 see ee 67.2 4.81 | 10,081, 218 
1047S 2 8 ea 59.1 4.92 | 13, 116, 456 
1947: 1946 ratio____- 1.03 1.02 1,30 

East South Central: 

1946%5. Serre 42.7 4.04 | 2,761,538 
1047 2 Se 2 ee ee 44.6 4.21 3, 384, 394 
1947: 1946 ratio____- 1.04 1.04 1, 23 

West North Central 
LOS62, Sy ese ae See 55.1 3.72 6, 585, 211 
POAT oer ase 55.9 3.77 7, 831, 725 
1947: 1946 ratio____. 1.01 1.01 1.19 

West South Central 
TOgR es Cog 36.6 4.16 | 5,461, 533 
1047 282> Seek oe 46.1 4.14 7, 832, 121 
1947: 1946 ratio____- 1, 26 .99 1.43 

Subtotal: 

1946. ce, A 48.6 4.24 | 24, 889, 500 

1047 eee Oe 52.6 4.32 | 32, 164, 696 

1947: 1946 ratio. ___- 1.08 1,02 1.29 
Western regions: 

Mountain: : 

19465, os «cent weeds 43.3 4.88 | 3,463, 639 
1947 9S-- eee ete 39.8 5,16 3, 763, 238 
1947: 1946 ratio____- . 92 1.06 1.09 

Pacific: 

1946... 32 ere se 62.0 8.12 | 12, 882, 143 
LOST Saree See att 62.8 7.40 | 14, 964, 484 
1947: 1946 ratio____- 1.01 91 1.16 

Subtotal: . 
10d 4 2 ob eae es 54.7 7.12 | 16,345, 782 
RDS €. FAs fee 54.5 6.81 | 18, 727, 722 
1947: 1946 ratio____- 1.00 . 96 1,15 

United States total: 
1046 2 a Se ee 51.7 4.84 | 60, 891, 790 
PORTS CS eee ae 53.5 4.81 | 73,610,195 
1947: 1946 ratio. ____ 1.03 . 99 1, 21 























Aver- Aver- 
age : age 
ie welght Ton-miles Be de weight Ton-miles 
of car- carrie ; of car- carrie 
loaded Hed loaded mind 
load load 
Tons | Thousands Tons | Thousands 
48.2 2. 24 844, 357 57.2 9. 40 1, 151, 485 
50. 5 2.10 860, 482 69.0 9. 56 1, 326, 561 
1.05 . 94 1,02 1, 21 1,02 2,15 
55.8 2.18 2, 719, 736 63.4 9. 25 4, 303, 864 
48.9 2.35 2, 965, 474 6152 8.99 5, 059, 930 
. 88 1,08 1.09 .97 .97 1,18 
48.4 2.38 3,494, 145 67.0 9.48 7, 142, 921 
51.6 2.16 4, 021, 377 66.8 9. 58 8, 483, 953 
1.07 91 1,15 1.00 1.01 1.19 
61.1 2. 29 7, 058, 238 66. 1 9.39 | 12, 598, 270 
50. 4 2. 22 7, 847, 333 64.9 9.37 | 14, 870, 444 
O08 |. Sea O7) pe BT . 98 1,00 1,18 
50. 5 2.17 | 2,685,088 | 70.6 8.59 | 7,396, 130 
52.8 2.18 3, 337, 759 70.5 8.63 9, 778, 697 
1.05 1.00 1, 24 1.00 1.00 1.32 
38.6 2.54 | 1,304,071 | 62.6 8.60] 1,457, 467 
39.4 2. 52 1, 455, 767 67.3 8. 54 1, 928, 627 
1.02 . 99 1,12 1.08 . 99 1,32 
52.2 1.97 | 2,582,219 | 65.2 8.74 | 4,002, 992 
53.0 1. 93 2, 984, 823°) 66.3 9,05 4, 846, 902 
1.02 . 98 ToL 1.02 1. 04 1, 21 
31.3 2.65 | 2,264,895 | 53.2 6.93 | 3,196, 638 
41.2 2.51 | 3,105,980 | 59.3 7.19 | 4,726,141 
132 95 1.37 deat 1.04 1.48 
43.4 2. 26 8, 836, 273 63.7 8.23 | 16, 053, 227 
47.6 2.22 | 10, 884, 329 66. 1 8.34 | 21, 280, 367 
1.10 . 98 1.23 1.04 1.01 t 1,33 
38.1 2. 59 1, 327, 577 66. 8 10. 81 2, 136, 062 
34,5 2. 61 1, 354, 717 64.4 11. 48 2, 408, 521 
91 1.01 1.02 . 96 1.06 1,13 
53.3 2.45 1, 878, 801 73.1 13.40 | 11, 003, 342 
54.9 2.35 2, 523, 948 75.3 13.14 | 12,440, 536 
1.03 . 96 1.34 1.03 . 98 1.13 
46.0 2. 51 3, 206, 378 71.8 12.90 | 13, 139, 404 
46.0 2. 43 3, 878, 665 73.0 12.84 | 14, 849, 057 
1.00 .97 1.21 1.02 1.00 1,13 
46.4 2.31 | 19,100,889 | 66.2 | 9.70 | 41,790,901 
48.3 2,26 | 22,610,327] 67.1 9.63 | 50, 999, 868 
1.04 - 98 1.18 1.01 .99 1,22 
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Mountain. region to 43 percent in the West 
South Central region. 

Table 9 gives detailed information concern- 
ing the percentage distribution of vehicle- 
! miles of travel, the percentage of vehicles 
carrying loads, the average carried load, 
| and the percentage distribution of ton-miles 
transported by each type of vehicle in each of 
| the census regions. Many interesting and 
useful comparisons can be made from this 
| table. For instance, while panel and pick-up 
trucks in the New England region travel 34 
} percent of the vehicle-miles, they account for 
/ only 5 percent of the ton-mileage; in the same 
‘region the tractor-semitrailer combinations 
| travel less than 20 percent of the vehicle- 
miles but account for almost 60 percent of the 
| ton-mileage. 

From the portion of table 9 showing the 
percentage of vehicles carrying loads, by 











Central regions 


Table 9 .—Percentage of vehicle-miles of travel, Rercantada loaded, average carried load, and percentage of total ton-miles carried by 
‘ various types of trucks and truck combinations on main rural roads in the summer of 1947 
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found empty over 60 percent of the time, 
probably indicating that they are being used 
frequently for the transportation of persons in 
lieu of passenger cars. The percentage of 
vehicles carrying loads increases directly as the 
size of the vehicle type, and the truck-com- 
bination type is loaded 67 percent of the time. 
There are variations from the general trend 
in some regions because of local conditions, 
as would be expected. 

The detailed data concerning the average 
carried load for the various vehicle types 
show that carried loads increase regularly 
as the size of the vehicle-type increases ex- 
cept that, in some regions, average carried 
load for the truck and trailer combinations is 
low, probably due to the prevalence of light 
home-made types of trailers. 

The percentages of ton-mileage carried by 
vehicle types are particularly useful in 
judging the relative importance of any portion 
of the freight-earrying traffic. The table 














Single-unit trucks: : 
Panel ana pick-Np Wis. °c anos 34. 02 23. 42 29. 25 27. 60 23.15 33. 59 24. 88 36.77 28.89 43. 73 20.19 28. 72 28. 44 
Other 2-axle, 4-tired--.------.-.---.---- 3.30 7. 60 3. 23 4. 86 1.19 3.03 5.36 2.51 2.91 1.96 8.49 6.12 4.12 
Other 2-axle, 6-tired_..-5._ 3. 2... 40. 68 39. 46 36. 91 38. 26 36.19 43.19 47.14 32. 85 38.99 34.32 18. 80 27. 43 36.18 
Three-axle__----- Ro aeege pee 2.15 3. 23 SEU 3.40 3.84 1.59 . 92 89 . 1.93 2.16 13. 43 9.35 3.72 
All single-unit trucks_-------------- 80.15 73.74 73.16 74.12 64. 37 81. 40 78.30 73.02 72.72 82.17 60.91 68. 62 72. 46 
Truck combinations: 
Tractor-truck and semitrailer__-----_--- 19. 76 26.15 26. 77 25. 79 34.12 18. 60 20. 73 25. 36 26.07 15.01 23.33 20.31 24. 96 
rock-andrtratler =: ss-s0 an sara ee a= 09 .14 .07 09 Lh 1 ieee .97 1.62 1191 2.82 15.76 11.07 2. 58 
All truck combinations_------------ 19,85 26. 29 26. 84 25. 88 35. 63 18. 60 21.70 26. 98 27.28 17.83 39.09 31.38 27.54 
All trucks and truck combinations__________ 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 
PERCENTAGE LOADED 
Single-unit trucks: 
anel and DiCk-UDe--<: someon ea nae 44.6 41.6 42.1 42.3 42.6 25.9 44.9 38.8 39.2 23.7 45.7 33.5 39. 2 
Other 2-axle, 4-tired_ ------=---_-------- 53.8 Seed 49.2 43.4 61.8 39.0 50.6 46.9 49.6 36.3 67.3 63.7 50.9 
Other:2-axie, 6-tired -~- 22. ----..222.5.- 54.9 55.3 58.0 56.6 58.1 49.3 57.5 43.7 53.1 47.4 60.0 53.6 54.4 
PNTCR OKO tone So Doe eA ee 54.7 47.6 64, 2 57.7 62.1 54.8 56.0 34.6 56.9 48.9 53.6 53.2 55.5 
AVOTAGG aden ee crea A eee 50.5 48.9 51.6 50.4 52.8 39. 4 53.0 41,2 47.6 34.5 54.9 46.0 48.3 
Truck combinations: 
Tractor-truck and semitrailer-__-----_-- 68.9 61.1 66.7 64.8 71.2 67.3 65.9 58.2 66. 1 65.6 80.7 76.7 67.2 
phouiCkiand Grailersen: 2522 eda a et 88. 6 86. 2 72.8 81.5 bs baleen 75.2 76.2 67.5 57.4 67.3 66.3 66.8 
A-Vorngesee. wat 2 Soe So 69.0 61.2 66.8 64.9 70.5 67.3 66.3 59.3 66.1 64. 4 75.3 73.0 67.1 
Average, all trucks and truck combinations. 54.1 62.1 st aiy/ 54,2 59.1 44.6 - 55.9 46.1 52.6 39.8 62.8 54.5 53.5 
} AVERAGE CARRIED LOAD, IN TONS 
Single-unit trucks: 
Panoeliand pick-npsies sae woe nis 42 . 64 59 61 .54 52 82 66 96 46 65 . 63 
Other 2-axle; 4-tlred. 22022-22822 == 1.43 . 93 1.45 1.18 . 92 . 86 1.02 1.79 stale 1.94 1.51 1. 54 1, 29 
Other 2saxle; G-tireds ks es eS 2. 87 3.01 2.69 2. 83 2.66 3.12 2.55 4.13 2.98 3.41 2.39 2. 85 .2.91 
spnregsaxlesus- eee soe. wai AT Eo 6. 31 8.05 5. 66 6.39 4.79 9.77 5.15 8. 53 5. 65 6. 46 5.38 5.47 5.80 
AVOIRU Cine aetna sete gohan 2.10 2.35 216 2.22 2.18 2. 52 1.93 2. 51 2.22 2.61 2.35 2. 43 2. 26 
Truck combinations: 
Tractor-truck and semitrailer_________- : 9. 50 9.00 9.59 9. 36 8. 36 8. 54 9.36 7. 50 8. 37 10. 87 11. 97 11.72 9. 25 
airncknnGstralleress 1 acess ett) wets 18. 99 8. 66 7.81 9. 53 16)60%ale ee fe 3.21 3. 61 7.72 15.15 15. 22 15.22 -| 13.38 
UASV OLS Oite raet ee ane Sct 9. 56 8.99 9.58 9.37 8. 63 8. 54 9.05 7.19 8.34 11. 48 13.14 12. 84 9. 63 
Average, all trucks and truck combinations_- 3.99 4.40 4.55 4. 44 4, 92 4.21 Ole 4,14 4,32 5.16 7.40 6. 81 4,81 
PERCENTAGE OF TON-MILEAGE CARRIED 
Single-unit trucks: , 
Panel and pick-tip es. ee. bt ek B12 1.79 3.11 2. 84 2.08 2.51 2.74 6.16 3.28 4, 82 . 90 1.69 2.74 
Other’2-axle;'4-tired=- 2-2. -11e2 2. 1.18 1.19 91 1.03 “98 54 1.32 1.10 74 . 67 1.86 1.62 1.06 
Oiher2-axley 6:tired . vee ee ae 29, 62 28. 58 22.73 25. 46 19. 21 35, 41 32. 79 31.03 27.10 27.10 5.79 10. 07 22. 26 
TIN GOA) dU ake a ee 3.42 5.39 5.41 5.21 3.93 4.55 1. 26 1.37 2.72 3.41 8. 32 7.33 4. 66 
All single-unit trucks___--------___- 39, 34 36. 95 32.16 34. 54 25. 45 43. O01 38. 11 39. 66 33. 84 36. 00 16. 87 20. 71 30. 72 
Truck combinations: 
Tractor-truck and semitrailer_.._------- 59. 62. 60 67. 69 65.15 69. 83 56. 99 60. 78 58. 00 63. 40 52.07 48. 44 49.17 60. 32 
Blmiokand trailor’? 62. 22o2¢ 2s. io 45 15 FB) TO | Ny ea lea 1.11 2.34 2.76 11. 93 34.69 30.12 8. 96 
All truck combinations-_------------ 60. i 63.05 67. 84 65. 46 74.55 56. 99 61. 89 60. 34 66. 16 64. 00 83.13 79. 29 69. 28 
All trucks and truck combinations____------ 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 
| 











shows that the bulk of all freight movement 
in each area is hauled in the heavier vehicles. 
As has been pointed out previously, the data 
collected in past surveys indicate that travel 
by the heavier vehicles is steadily increasing, 
a fact that will make a comparison of future 
tables of this type with that for 1947 of great 
‘importance. 
Figure 7 shows, for the United States as a 
whole, the frequency of gross weights of 
- 830,000 pounds or more, of 40,000 pounds or 
more, and of 50,000 pounds or more. ‘These 
heavy weights are much more frequent than 
in the prewar (1936-41) period. The fre- 
quency in the heaviest category did not 
increase from 1946 to 1947, however, and 
those in the other two categories declined 
somewhat, indicating that the upward trend 
in gross weight frequencies may have been 
halted, at least temporarily. 
The gross weight data by vehicle type and 
region are presented in table 10. Heavy gross 
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roads in the summer of 1947 and of all types in the corresponding period of 1946 





Vehicle type 





NUMBER. PER 1,000 WEIGHING 30,000 POUNDS OR MORE 





Single-unit trucks: 








| 
Panel and pick-up sssee a2) ee ee see eee 0 0 0 0 0 0 0 0 0 0 0 0 
Other 2-akle, 4-tirod ere ots) fons. base ee ee 3 0 0 (1) 0 0 0 0 0 0 0 0 () 
Other 2-axle,.6-tirgd ge. 2 2 ee ee Se ee eee 22 16 1 9 0 0 J (1) () ] ] 1 3 
TDDB 10.22 aa we See 2 rg eons See eee 251 18] 102 140 230 164 96 80 187 123 186 181 171 
A VOPR. es wean > 150 pee 2 ee areiee ores 18 12 4 9 4 3 2 1 2 4 21 14 6 
Truck combinations: 
Tractor-truck and semitrailer__..-....-....:--------- 515 432 427 436 480 426 484 332 432 475 578 548 449 
ALTUCK ANG tralleroe se cest sk we eee eee 689 99 0 121 651 0 2 110 413 723 712 713 617 
AWera Rete eS ae es Se ee dee 516 430 427 436 490 426 464 319 431 519 628 603 464 
Average, all trucks and truck combinations, 1947____--__-- 127 116 95 107 154 79 123 87 116 90 197 158 120 
Average, all trucks and truck combinations, 1946____--__-- 118 149 125 133 194 121 112 : 65 124 92 193 154 132 
NUMBER PER 1,000 WEIGHING 40,000 POUNDS OR MORE 5 
| 4 
Single-unit trucks: | 
‘Paneliand pick=pseca.o= eee =) ook cee eee 0 0 0 0 0 0 0 0 0 0 0 0 0 j 
Other, 2-axle;;4-tired Sa i4. S258 42st See eee 0 0 0 0 0 0 0 0 0 0 0 0 : 
Othor'2-axi6,.6-tiredio 82 ae es ee 1 1 0 (1) 0 0 0 0 0 0 (@) Q) Q) | 
(hrée-axle! $40 ae oe te oe ies SE ER eS 145 31 0 19 10 32 9 35 15 24 28 27 22 | 
AWOPE 20 2L. oon hae Se Oe ee ee ee 3 2 0 1 (1) 1 (1) (1) (1) 1 3 2 1 | 
Truck combinations: | 
Tractor-truck and semitrailer__.......___-_--_-----__ 285 215 173 198 227 132 236 114 187 273 433 385 217 
‘rock and trailers ose et Cee eee ee 689 0 0 67 465 0 0 75 236 436 453 451 386 
ANOTAGO (4) Bone 2 te ORE CP a ee ge te 292 213 173 198 241 IBY. 224 112 189 298 441 408 232 
Average, all trucks and truck combinations, 1947____.----- 64 55 39 48 76 25 55 31 50 52 120 95 57 
Average, all trucks and truck combinations, 1946____------ 53 80 dt 58 80. 41 45 18 47 53 133 102 60 
NUMBER PER 1,000 WEIGHING 50,000 POUNDS OR MORE’ 
Single-unit trucks: 
Panel'and picksupscs- ae ee 0 0 0 wan .O 0 0 0 0 0 0 0 0 0 
Other 2-axle, 4-tired _____ 0 0 0 0 0 0 0 0 0 0 0 0 0 
Other 2-axle, 6-tired ___ 0 0 0 0 0 0 0 0 0 0 0 0 0 
aL TIRGC-ANIe- cee 9. RE es SI 11 0 0 1 10 0 9 18 10 0 0 0 3 
Average tet we: Slee ee Se eee eee (?) 0 0 () (1) 0 (4) () (4) 0 0 0 (4) 
Truck combinations: 
Tractor-truck and semitrailer.......-...--...--:..--- 74 58 34 46 88 14 93 26 * 64 150 314 265 84 
“Drack and: trailer i2< % 22 sole SR ee es ee 689 0 0 67 356 0 0 75 182 321 371 366 163 
AVOTASG “pees ee: ft Fe ee 2 rae ae yk Ve 82 57 34 47 104 14 88 29 70 180 337 301 92 
Average, all trucks and truck combinations, 1947.__._____- 17 14 8 il 45 3 20 8 22 31 87 67 26 
Average, all trucks and truck combinations, 1946_________- * 9 25 6 13 36 4 14 6 17 31 104 75 26 





1 Less than 5 in 10,000. 


weights are much more frequent in the Pacific 
region than in other parts of the country: 
87 out of each 1,000 trucks and truck com- 
binations on the main rural highways, 
empties included, weighed 50,000 pounds or 
more in 1947. This, however, is a drop from 
the 1946 figure of 104 for each 1,000 in this 
heavy category. These vehicles are entirely 
of the truck-combination type; approximately 
one-third of all combinations observed, or 
approximately one-half of the loaded ones, 
weighing 50,000 pounds or more. In the 
South Atlantic and the two South Central 
regions, these heavy gross weights were less 
than one-tenth as frequent as in the Pacific 
region, 


HEAVY AXLE LOADS MORE FREQUENT 


From figure 8, the rapid increase in heavy 
axle-load frequencies since the prewar (1936- 
41) period is apparent. Axle loads in excess 
of 22,000 pounds increased in frequency year 
by year throughout the period, rising from 
2 per 1,000 vehicles in the prewar years to 
14 per 1,000 vehicles in 1947, an increase of 
almost 600 percent. Somewhat lesser increases 
occurred in the frequencies of axle loads from 
18,000 to 22,000 pounds. 
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Table 10.—Number of heavy gross weights per 1,000 loaded and.empty trucks and truck combinations of various types on main j 























Since the increases in axle-load frequencies 
are of the greatest significance in road and 
bridge design, it is worth while to examine the 
data by vehicle type and region, as presented 
in table 11. Though the greatest frequency 
of heavy gross weights is in the Pacific region, 
as previously shown, the lowest frequency of 
heavy axle loads is in that same region. The 
greatest frequency is in the Middle Atlantic 
region, and the next greatest in the New Eng- 
land region. Further, the frequency of axle 
loads of 22,000 pounds or more increased from 
1946 to 1947 in each region except the Pacific 
and Mountain regions, where the compara- 
tively low values of 1946 continued to prevail. 

The relative infrequency of heavy axle 
loads in the Pacific region in the presence of a 
high frequency of heavy gross weights 
undoubtedly indicates a better distribution of 
load over a larger number of axles, on the 
average. In the Middle Atlantic and New 
England regions, however, it is the tractor- 
truck-semitrailer combinations rather than 
single-unit trucks which account for most of 
the heavy axle loads. This may be due to 
differences in the design of the prevalent types 
of combinations, to differences in State laws, 
or to differences in enforcement practices. 
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TRUCKS WEIGHING 30,000 POUNDS OR MORE 
TRUCKS WEIGHING 40,000 POUNDS OR MORE 





TRUCKS WEIGHING 50,000 POUNDS OR MORE 
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Figure 7.—Number of heavy gross weights 
per 1,000 trucks and truck combinations 
(empties included) in the summers of 


1942-47 and a prewar year. ; 
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Single-unit trucks: 
PaMOUANC DICK*U pss =P ai seer en eS Stl one 
Other earl: 4-tired : 


average Be ee ee 2S Pi og Eee eee 

Truck combinations: 
Tractor-truck and semitrailer 
Truck and trailer 
LOUSY eS og See Rye BE sa epi ek Sea eee eee 


Average, all trucks and truck combinations, 1947 
Average, all trucks and truck combinations, 1946. --___- 











Single-unit trucks: 
PATOL ANC DICKS Dene sae ae ee. co Cee eee ee 
Other 2-axle, 4-tired 
Other 2-axle, 6-tired 
BIRR OeAXIO Site! eee NS ee Ae ET Ree 
PATOL AC Chae ee ore eee ae te ey Leh Te 
Truck combinations: 
Tractor-truck and semitrailer 
Truck and trailer 
PANEL AOC mee eter ees 2 eee 7 SU See eee ese 


Average, all trucks and truck combinations, 1947__-_____ 
Average, all trucks and truck combinations, 1946 


Single-unit trucks: 
PEAHOI AN Gs ICKL) see: cae eee. ete 
PiGheteanX1O wat OGs ea ce ee es ee eS ee 
Di Mer oe -AslOnG-Lited saa s ee: ee mere SO ee 
SIORTOC-ALIO: Maks 2 ae UN ae eS rg Se Nee ot oo ee 
JARWG ON 2 aoa aE Sh Es a Ee Sey ee 
Truck combinations: 
Tractor-truck and semitrailer 
SRG AN Cut anen sees oe ee oe eee A wn mee ae ee 
PAtveragie tan eee fen wee he JUS Sheet ee 


Average, all trucks and truck combinations, 1947 
Average, all trucks and truck combinations, 1946 


1 Less than 5 in 10,000. 


AXLES WEIGHING 18,000 POUNDS OR MORE 
AXLES WEIGHING 20,000 POUNDS OR MORE 


AXLES WEIGHING 22,000 POUNDS OR MORE 
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Figure 8.—Number of heavy axle loads per 
1,000 trucks and truck combinations 
_ (empties included) in the summers of 
1942-47 ano a prewar year. 
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Central regions 


able 11.—Number of heavy axle loads per 1,000 loaded and empty trucks and truck combinations of various types on main rural roads 





Western regions 




















0 0 0 0 0 0 0 
i 0 0 1 0 0 0 
19 14 2 9 0 1 () 
4 6 10 8 0 0 9 
10 9 2 4 0 @) (0) 
150 171 42 100 24 28 17 
0 0 0 0 48 0 0 
150 170 42 100 25 28 16 
40 50 128 (e290 10 9 5 
21 42 10 23 6 5 3 


Table 12 shows that the high frequency of 
heavy axle loads in the Middle Atlantic and 
New England regions, as compared to the 
Pacific region, was probably not due to differ- 
ences in enforcement practices. In the Pacific 
region, 58 of each 1,000 trucks and truck com- 
binations were overloaded, according to State 
laws, as compared to 41 for the Middle 
Atlantic and 35 for the New England regions. 
The number of overloaded truck combinations 
per 1,000 vehicles of this type was 155 in the 
Pacific region, 123 in the Middle Atlantic 
region, and 129 in the New England region. 
The figures do show, however, that the over- 
loading of truck combinations considerably in 
excess of legal limits was slightly less common 
in the Pacific region than in the Middle 
Atlantic and New England regions. The 
number of combinations overloaded more than 
20 percent above the legal limit per 1,000 
vehicles of that type amounted to 16 in the - 
Pacific, 24 in the Middle Atlantic, and 19 in 
the New England region. 


RECOMMENDED WEIGHT LIMITS 


Uniform regulations concerning Maximum 
allowable gross weights, axle weights, and 
axle-group weights have been adopted as a 








<= Stee al be ce ag tS Se wad 
States 
s : East East West West 
New | Middle | South Moun- : average 
i -,| Average} North South | North | South | Average « Pacific | Average 
England/ Atlantic | Atlantic Central | Central | Central | Central tain 
NUMBER PER 1,000 WEIGHING 18,000 POUNDS OR MORE 
0 1 0 (!) 0 3 0 0 (1) 0 0 0 (1) 
10 0 0 1 0 0 0 0 0 0 0 0 (1) 
51 47 13 30 a Fae 22 5 6 9 15 15 15 17 
105 46 15 32 65 37 23 38 53 32 33 33 38 
28 32 7 19 6 14 3 3 5 7 15 12 7 
401 510 282 * 380 223 200 226 152 200 189 145 158 258 
0 100 | 0 55 473 0 2 123 252 77 1 68 69 116 
401 508 281 377 237 200 214 150 203 169 114 127 245 
126 152 74 109 103 54 57 43 66 35 44 41 7 
88 151 80 107 93 39 49 13 50 46 42 44 68 
NUMBER PER 1,000 WEIGHING 20,000 POUNDS OR MORE 
0 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 () 0 0 0 0 0 0 0 0 () 
33 28 5 17 3 6 1 0 2 7 4 5 8 
44 25 10 18 0 12 9 19 5 0 3 3 7 
18 19 3 9 2 3 1 (1) 1 3 3 3 4 
246 316 120 205 77 79 73 56 70 75 41 51 115 
0 0 0 0 183 2 63 102 13 4 5 34 
246 314 120 204 83 79 69 56 72 64 26 Somer 0S 
7 93 32 59 36 22 18 15 23 13 9 a 33 
50 85 20 51 27 16 13 4 15 16 6 10 26 








22,000 POUNDS OR MORE 





0 0 0 0 0 0 
0 0 0 0 0 (2) 
0 (Q) 2 2 2 3 
0 1 0 0 0 3 
0 () 1 1 1 2 
19 22 31 5 13 48 
16 27 2 1 1 8 
19 22 26 3 9 45 
5 7 5 2 3 14 
1 4 5 2 3 10 








policy by the American Association of State 
Highway Officials and recommended to the 
various State governments for adoption.® 
This policy recommends that no axle shall 
carry a load in excess of 18,000 pounds and 
no group of axles shall carry a load in excess 
of amounts specified in a table of permissible 
weights based on the distance between the 
extremes of any group. of axles. 

The data indicate that the recommended 
axle-load limits are exceeded more frequently 
than are the other weight limits. In table 13 
is shown the number of axles per 1,000 vehicles 
of various types that exceeded the axle-load 
limit of 18,000 pounds recommended by the 
A. A. 8S. H. O., and the number exceeding 
these limits by various percentages. This 
table emphasizes again the high frequency of 
heavy axle loads in the Middle Atlantic and 
New England regions. 


(Text continued on page 187. Tables 12-16 are on 
pages 154-156.) 


® Policy concerning maximum dimensions, weights, and speeds 
of motor vehicles to be operated over the highways of the United 
States, adopted April 1, 1946, by the American Association 
of State Highway Officials; published by the Association, 
1946. 


153 


Table 12.—Number of trucks and truck combinations, per 1,000 - Table 13.—Number of axles, per 1,000 loaded and empty truck 
loaded and empty vehicles, that exceeded the permissible axle, 
axle-group, or gross-weight laws in effect in the States by various 


percentages (maximum) of overload, in the summer of 1947 


Number per 1,000 overloaded more 





































































Number than 
Region and type of vehicle pe a0 
loaded | 5 per- | 10 per-| 20 per-| 30 per- per- 
cent | cent | cent | cent cent 
New England: 
Panel and: pick=tipaecs. 26s s acs) tees Ee ee t= ae ag 
Other 2-axle; 4-tiredirc2- 2222 2 oee 7 = iy can mie 
Other 2-axlé,.6-tiredsi 2.2.2 PessS 19 16 13 6 5 () 
Three-axle:: 204 2 oe tok seo ee eee 69 52 43 4 — eB 
Average, single-unit trucks _-__---- 12 10 8 3 3 (1) 
Tractor-truck and semitrailer__------ 126 89 59 19 6 1 
Trick-anditrallersis sos pe 689 689 689 oe 543 Le 
Average, truck combinations___--_ 129 92 62 19 6 1 
Avg., all trueks and combinations_ -- 35 26 19 6 4 (‘) 
Middle Atlantic: 
Panel and pick-as-42-- 33 Sse ee eee ee ee aoe Le a 
Other Zaxle,4-Cired.02. 5 seas set See as a woe ae a 
Other 2-axle, 6-tired__..-------------- 14 10 6 2 Lele) 
ABHvee-8xJ6re.. 2-8 2c ee nee 89 85 43 26 9 bs 
Average, single-unit trucks_______- 11 9 5 2 a (1) 
Tractor-truck and semitrailer-_-_-_--- 124 87 54 24 10 3 
Truck and trailer: =. 2-2! oe) ee eee Ee 3 Sere ee os 
Average, truck combinations____-_- 123 86 54 24 10 3 
Avg., all trucks and combinations _-- 41 29 18 8 3 1 
South Atlantic: 
Pane) and pick-ups sesc et eseene obese lee ee vom wis — aye ss 
Other:2-axte; 4-tired «2.5 S5 eerie oe pen epee See s BE 
Other 2-axle, 6-tired_ 4 3 3 2 (1) ae 
ADRTES-A S163 5. ee ee 34 34 30 25 15 5 
Average, single-unit trucks________ 4 3 3 2 1 (1) 
Tractor-truck and semitrailer__-_---__ 186 138 98 39 14 
Track and trailer se 5 ee ale te ae el rey pide hie Ds 
Average, truck combinations_____- 185 138 98 39 14 3 
Avg., all trucks and combinations_ _-_ 53 39 28 12 4 1 
East North Central: 
Panel and pick-up... t2ee eo g25l 4 ee 4 ovat maa <A: ar, 
Other 2-axle,:4-tired... 2-3-2222 5-2 2)" 3285 A sae ae ERG ae 
Other 2-axle, 6-tired 2-2. se et 1 1 ee ee as 
“hree-axle 55 288 heme 2 Se a ee. 277 204 158 136 63 = 
Average, single-unit trucks_-______- 19 14 11 9 11 a 
Tractor-truck and semitrailer_______- 177 139 101 51 30 5 
Pruck andtrauer- oe. =e ee 307 261 220 139 87 23 
Average, truck combinations___-_-__ 184 146 108 56 33 6 
Avg., all trucks and combinations_ -- 77 61 45 26 19 2 
East South Central: 
Panel and pick-up_ _.....s-..2.---2- 1 a. + Shree aor — =e 
Other 2-axle, 4-tirad: seo a oo 2 ee pe aa ey. 28 = 
Other 2-axle, 6-tired........-----_---- 4 3 A, J ar, i 
“RTOC-Aklo Fn: pee oie. ae eee 88 71 60 48 39 36 
Average, single-unit trucks__.____. 4 3 2 1 1 1 
Tractor-truck and semitrailer_._____- 122 92 54 25 6 1 
Druckand trailer. ne cesencs eee Cees a. mua ze. mee 35 
Average, truck combinations ______ 122 92 54 25 6 1 
Avg., all trucks and combinations_ - . 26 20 12 5 2 1 
West North Central: 
Paneliand pick-ap.s.---ae-2 4 oe ANP rad: =a aa ee 22 
Other 2-axle, 4-tired_......_-.-..- 22. ee ze OP ae x Se 
Otheér2-axle6-lired= ss eoee ote 1 (4) (1) (4) () (4) 
Thréee-axle. 2s. . SUPRA Ae er ee 59 42 32 9 9 
Average, single-unit trucks._.____- 1 1 (*) (‘) (*) (4) 
Tractor-truck and semitrailer_._____- 183 129 79 30 13 1 
Truckand tration 250" ele Pe eee Pe 2a aif ihe zr 
Average, truck combinations_-_-___- 173 122 75. 28 12 1 
Avg., all trucks and combinations___ 38 fi 16 6 3 () 
West South Central: 
Pansband: pick-up seesss- coe kabel bee aee moe aoe ae ae 
Ofner.2-9xle;"4-firau: bbe FS Se Ne eed som Aas a! ae 
Other )2-axle; 6-tired= 2.2. 72 Seas 3 2 2 1 ene +e 
PNT OO-AkIGs! Lats iee es site's aes See 29 18 18 ne =3 =< 
Average, single-unit trucks_______- re 1 1 (1) dod a3 
Tractor-truck and semitrailer_______- 108 83 48 21 8 () 
Teck ant. trahere sop ee es 97 97 85 85 16 8 
Average, truck combinations_-___- 107 84 50 25 8 (1) 
Avg., all trucks and combinations_ __ 30 23 14 7 2 (4) 
Mountain: 
Panel aud. pick-ups. 25 s.cpgbee. aaa set ae =a Rie a 
Other 2-axle, 4-tired_._......__-______ DEES TS | Beate ae wl Bichon Lc 
Other 2-axle; 6-tireds: 2) 203 4 4 3 1 1 es 
THY GRAIG: see Nee os os eee eee es 32 16 3 <<. =52 =a 
Average, single-unit trucks_-_______ 3 2 i| (4) (4) ~2 
Tractor-truck and semitrailer________ 148 105 86 32 11 4 
sinok snd tra llenss eerie oie 134 93 62 16 3 = 
Average, truck combinations_-___- 146 103 82 29 10 3 
Avg., all trucks and combinations___ 28 20 15 5 2 1 
Pacific: 
Panel and pick-apss- ay 28 ee ee a cee oe Sai. = ae ae ae 
Other 2axle, 4stireds 320 9.5 fa 2 ela eS Bins bys nets a2 aa 
Other 2-axle, 6-tired_...._...._..._..- 10 8 6 4 1 ze 
J Mita crt dl peer oa.) AOS PR 26 12 12 2 aad ns 
Average, single-unit trucks_______- 9 5 5 2 (4) 2a 
Tractor-truck and semitrailer_______ 151 94 57 22 6 2 
ruck and ¢railer so. 3 fees as 160 94 43 6 if =e 
Average, truck combinations______ 155 94 51 16 4 1 
Avg., all trucks and combinations ___ 58 35 20 7 1 (}) 
United States average: 
Panel.and pick-up... -252-2-22._.-- (1) = Sete re 7 B 
Other 2-axle, 4-tired_._........._.___- (}) fot ee Be aa <A 
Other 2-axle, 6-tired___.___-_.________ 5 4 3 1 (1) (1) 
Dhy66-Axle Sess soso eee 2 eee ok 78 57 44 31 16 2 
Average, single-unit trucks_______- 7 5 4 2 1 (1) 
Tractor-truck and semitrailer_______- 154 113 75 33 14 2 
PPrack and trailep 2) 020s wel... 159 109 68 30 13 4 
Average, truck combinations. ____- 154 113 74 33 14 2 
Avg., all trucks and combinations___ 46 34 23 10 4 1 


1 Less than 5 per 10,000. 
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and truck combinations, that exceeded the permissible axle-loa 
limit of 18,000 pounds recommended by the A. A. S. H. O. 6: 


various percentages of overload, in the summer of 1947 


Num- 












Number per 1,000 overloaded more | 























ber per than 
Region and type of vehicle 1,000 
paded 5 per- | 10 per-| 20 per- |30 per- Sa 
oaced’ | cent | cent | cent | cent en 
New England: ; 
Panel and pick-up2= 6 2hoe See Ee Se ees S| = es eee ee 
Other 2-axle, 4-tired 10° et. oho a ee ee ee 
Other 2-axle, 6-tired 39 38 32 20 12 6 
“hree-axle et ti sa eee eee se 91 56 49 8. pene 
Average, single-unit trucks. _______ 23 21 18 10 6 3 
Tractor-truck and semitrailer________ 451 By Al 285 161 72 8 
Druck and trafler-<_s0./he2 fi ke Ee A 
Average, truck combinations-___-- 449 369 284 160° sj-) «72 8 
Avg., all trucks and combinations. 108 71 40 19 4 
Middle Atlantic: 
Panel and ‘piek-tip.2 =. 224-22 - 25552 see eh tee eee | ee ee 
Other 2-axle, tired-i22-- 2 Fae eee ee als She es ee eee 
Other 2-axle, 6-tired!_......_....___- 32 29 24 15 6 1 
WT hreé-axie: esse > ee oe ee ee 46 34 31 Gi ie eee at 
Average, single-unit trucks. ______- 19 17 14 1 
Tractor-truck and semitrailer_-._-__- 503 418 327 195 105 25 ad 
Pruckandtrallor 28s~ 4 =O eee een ee ae Oe Sa are ae I S| a Pest 
Average, truck combinations_____- 500 415 325 194 104 25 | - 
Avg., all trucks and combinations__-- 146 122 96 57 30 7 
South Atlantic: 
Panel and: pick=ip:2 5. 2S eee 2 |. ee ee ee 4 
Other'2-axlo; 4-tired- 2. 02s oes ad | a ee ia 
Other 2-axle;6-vired ee ee 5 4 3 2 Po 
Three-atle he: nc see ke is {tonto tees 5 | 5 [8 
Average, single-unit trucks_______- 3 3 2 2 1 ©. 
Tractor-truck and semitrailer_______- 259 185 126 45 17 5 |S 
Truck gnd. trailer: 2) 22"2~ 23 a oe 2 ee ee oh ee 4 
Average, truck combinations--_-___- 258 184 126 45 17 5- 
Avg., all trucks and combinations_ -- 71 52 35 14 5 1 13 
East North Central: | 
Panel and pick-up_________-- tee ce, Weiennm) Weryads (ren bi pial es ae es |: ‘a 
Other 2-axle; tired. ee 2 too ee ol ee re ee eee ok |e ee ee ad (eee ; 
Other2-axle;.6-tired. 4 ete es ee 1 1 f Rial Wome ay dee Std ky 4 
S'Rres-ax Ose s se RS ae See ea 119 23 23 23). ie eee ee ; 
Average, single-unit trucks____-__- 8 2 2 » See (EES 2 Sel bel 
Tractor-truck and semitrailer__._____ 199 136 80 26 9 (4) 
MTruckyand ira llor. 2 e— = ee 520 347 225 76 13,%|---~ 
Average, truck combinations_-_-___- 217 148 88 29 10 Q) 
Avg., all trucks and combinations___ 82 54 32 12 4 (4) 
East South Central: a 
Panel andspick-1 ps aa et 1 - [ce Se |e oe eee 3 
Other 2-axle, 4-tired.2) 4 gee S| ee ee ee ee eee 4 
Otheriz-axle;6-tired t= ees ieee 4 3 1 LL) |. See a 
Three‘axle.ec. i Seuet 0.0 > ears Soon 18 18 18 Ob. 2 Pits We «| 
Average, single-unit trucks_-_ 3 2 1 Vipera) ae Sak P 
Tractor-truck and semitrailer__---__- 163 114 69 26 5 1 
Truck and trailer__._____- eee Yh. Malini Sh TA: = SS ek je ee 
Average, truck combinations______ 163 114 69 26 i 1 
Avg., all trucks and combinations-___ 33 23 14 6 1 (4) ; 
West North Central: : 
Panel and piekapés 52s sai eb a a eee ee eee y 
Other’2-axle, 4-tired - 23.20 Ae aS a ses ae Ce eee ee n 
Other. 2-axlo,:6-tired = 222-2 1 1 (Q) (4) @).+]----- i 
"THree-Bx16 ig toe ee ea 23 ll 9 Q Sis eee m4 
Average, single-unit trucks________ 1 1 fe @). OS Re ee 
Tractor-truck and semitrailer________ 207 158 77 6 1. ie 
Truck and trailer 2/22. ce. feu on Le a : 
Average, truck combinations-____-__ 196 149 73 22 6 1 
Avg., all trucks and combinations____ 43 33 16 5 1 (1) ‘ 
West South Central: ‘ 
Panel and pick-up: 25% oo28 2 ee ee a 
Other 2-axle, 4-tired 2. .2.. SU a 8 a eee eee 4 
Other 2-axle, 6-tired ----.----.----.-- 3 2 2 |) ae Seed Ae, <8 f 
Thyvee-axlo on se see a pe 35 35 18,» |Renoe a see ee ee bi 
Average, single-unit trucks________ 2 1 1 G3 eee ‘ 
Tractor-truck and semitrailer________ 129 98 57 22 7 (1) ! 
‘Truck and’ trailerirs22) 229 eee ee 145 145 56 16 16 8 
Average, truck combinations. ____- 130 101 57 22 8 () 
Aveg., all trucks and combinations. _- 37 28 16 6 2 () ie 
Mountain: ' 
Panel-and pick-upi..2- 22.8 ees he eee he ee ee ee ee eee + 
Other 2-axle,.4-tired. << .- <2 sh2n0 24 oe ee ee 4 
Other 2-axle, 6-tired_-_-_------_-_-- 4 4 3 1 1 {_... 1 
'Three-axle. 220s see, see ee eee 32 vi 2 SS lee oe 4 
Average, single-unit trucks________ 3 2 1 @) Q)P ss. ] 
Tractor-truck and semitrailer_______- 154 108 72 31 13 4 
‘Truck;and' trailer. =e-223 = -2ie 80 29 17 3 Vie eee g 
Average, truck combinations_______ 142 96 63 27 11 3°18 
Avg., all trucks and combinations__-_ 28 19 12 5 2 1 
Pacific: 7 
Panel'and: pickup 22-20, ecb ncaa es Be ee a 
Other 2-axle, 4-tired 5. ie BE 8 es a ee ee ee as 
Other.2-axle,.6-tired. =2 ee Se 10 8 6 4 5 ae a 
{Phree-Bxl6. ate cele eee 14 5 ja ae Ee Sa Le & 
Average, single-unit trucks. _-____- 6 4 2 1 (; ieee 
Tractor-truck and semitrailer_______- 125 65 37 14 4 1 
‘Truok:and:trailersic2 2. 32 eee eee 98 39 16 Dike easdee te ; 
Average, truck combinations _____- 114 55 29 9 2 1 8 
Avg., all trucks and combinations __- 42 21 11 4 1 OO) 8 
United States average: % 
Panel and picksupws. 6-22 tee QQ) a ee Be ee 
Other ’2-axle; 4-tired= 4-6 F 2 3 cack (1) 2 es ol eee ‘ 
Other’2-axle, 6-tired 22.2 25 Fs 9 8 6 4 2 © # 
‘Three-axles. 2.3652 se ee 37 14 ll 7 1 1 
Average, single-unit trucks ________ 6 5 4 v. 1 () 
Tractor-truck and semitrailer__..___- 239 178 119 54 24 5 
Track and trailer: 3. 22025235 sl 146 84 44 12 4 1 } 
Average, truck combinations_-_-__- 231 169 112 50 22.) 58 
Avg., all trucks and combinations__- 66 49 33 15 Z 1 


1 Less than 5 per 10,000. 
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Fable 14.—Number of trucks and truck combinations, per 1,000 Table 15.—Number of trucks and truck combinations, per 1,000 
loaded and empty vehicles, that exceeded the permissible axle- loaded and empty vehicles, that exceeded the permissible motor- 
_ group loads recommended by the A. A.S.H.O. by various per- vehicle loads recommended by the A. A. S. H. O. by various per- 
_ centages of overload, in the summer of 1947 centages (maximum) of overload, in the summer of 1947 
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Number per 1,000 overloaded Number per 1,000 overloaded more 
Num- more than— Num- than— 
. : ber per ber per 
Region and type of vehicle 1,000 ‘bs Region and type of vehicle 1,000 
over- 7er- 
5 per- |10 per-|20 per-|30 per- MES 5 per- |10 per-|20 ~|30 -| 50 
loaded Z z per per per-|30 per f 
cent | cent | cent | cent one loaded | ‘cent | cent | cent | cent ee 
New England: New England: 
Pate land WiGK-U Dees. ep ener ee eee Bae Cae. | ea ae ay Poariel and pick=Upsewee sere eee eee eh ee oe 5 aaah te eee eee ie es 
ther 2-axle, 4-tired.__---/- =... .2|  ----- o =o oe =k ae Other 2-axle, 4-tired____----.-.-.---_- DOS S Sa se Ae eee PB ee ee eee 
Other 2-axle, 6-tired_- 3 (1) (4) oa oe. i Other 2-axle, 6-tired.....-...--------- 39 38 $2 20 12 6 
ROR A X1Oe sere oot ese on senna 17 100 44 ! 58 TORTOCtARIO. Soo ase oe ee ee 137 105 62 8 Ab ae 
Average, single-unit trucks _-__-__- 5 3 a (1) (1) » Average, single-unit trucks_______- 24 22 18 10 6 3 
Tractor-truck and semitrailer__---_-- 85 52 36 il 5 (1) Tractor-truck and semitrailer__--___- 300 252 198 120 56 it 
Truck and trailer__---- ee a es --- ~~ = awe a==8 ae SUNCK And (rallereseee 4. see sem oe een [ae ly oe toca ata | eee 
Average, truck combinations- - -_-- 85 52 36 ll 5 (1) Average, truck combinations_____- 299 251 197 119 56 7 
Avg., all trucks and combinations____ 21 13 8 2 1 (1) Avg., all trucks and combinations_ __ 79 68 54 32 16 4 
Middle Atlantic: Middle Atlantic: 
aneland pick-ple 2 - -see eee Got met as ne ae Panel andspickellse suep ebere we. © cae (sake sooo Seep oe eee ee eee ee 
ener 2-axie, 4-bired.2:- 2 2-2-0263"), 3s oe zee eee tan = OGher 2-axle va Cited sree, eee sont: ees een S|) Be et De eee 3 lie: NR Re Le es 

» Other 2-axle, 6-tired_._.-.-..-.------- 1 (1) (1) Bee ae ui Other-2-axle, 6-tired=< 20% ----5<. 32 29 24 15 6 1 
VTEC 6 Cae ae er ee ee 40 31 24 6 Foe a aihree-axloses eee we Ee BP 2 56 53 44 OFF faatenes [faceee 

Average, single-unit trucks--_.---- 2 il J (1) Aas ie Average, single-unit trucks_______- 19 18 15 8 3 1 
Tractor-truck and semitrailer-_------ 117 83 63 27 15 5 Tractor-truck and semitrailer________ 328 277 225 142 80 22 
Truck and trailer__---- Be ease as eel) Cee ~i8 ce seis ve J ‘Trockvanditrailer “See whe oases ee CE EN | ee ea eee] Pee ae. 

Average, truck combinations- --__- 116 83 63 27 15 & Average, truck combinations_____- 326 275 224 141 80 22 
Avg., all trucks and combinations-_ __ 32 23 17 7 4 1 Avg., all trucks and combinations.__- 100 86 70 43 23 7 

South Atlantic: . South Atlantie: 

SEATS. ONG DiCK-Mp ots. e 2 2 we || ee ae 2 pee pee ts Sot a Panel andIpick-U Dp eaewee wee eee ee Ca Roe ee eee eee. ees ne 
Mipner 2-910, 4-tireder.. <= -ae-b-t A ae) coe, Be ven Oe ae ay Other: 2-aulofa-bired semen be so Se ho ee Oe oe hae oo oe ban 
Other 2-axle, 6-tired____--- ae Se ae ee em ae oat ae a ms Other 2-axle, 6-tired_._.--.----------- 5 t 3 2 Te 
AM Tyee 78.4 Ce ek eS ie aa epee 19 15 5 eae ae i Thres-axlese sts fo a ey 24 20 10 10 5 5 

Average, single-unit trucks___--__- 1 1 (1) ae of oe 2 Average, single-unit trucks_______- 4 3 2 2 eC) 
Tractor-truck and semitrailer__------ 37 25 19 9 3 1 Tractor-truck and semitrailer_______- 199 147 108 45 18 5 
Truck and trailer__-------- pasted tee SP Bee. as Ja a ase Ute PT TUCk and Eralich. seme es te eee ee OS ee i AS ot ae ae a Bee OFZ Beet 

Average, truck combinations- --_-- 37 25 19 9 3 a Average, truck combinations_-___- 198 147 108 45 18 5 
Aveg., all trucks and combinations: -- 11 7 5 2 1 (1) Avg., all trucks and combinations__- 56 42 30 14 6 1 

East North Central: East North Central: 

Pans) and Pick-Upse2.--2ase5%---24-=) | oe toe ae ae mee 5-4 es Panel and: Dick=U pe pees te eee ee fe ee ee ee ik ee | cere | Meee 24 
ROuneY 2B SlO <e-tTGG eee en | ee oo Be En ee Se ae Other'2-axle.4-tinedh 237 Pe Ver ee Ie Se ea Loe 5. Pe ee eee = <2 
cierio-Axlo.G-bireG. erases aie eS ses new ee pai wy Other 2-axle, 6-tired_._...--..._.-___- ] 1 fh] Ra cco 2 A De ee 
eeepc y beaten. Sees ee Ft Peeks ne hae Bai. pot a Whree-axiot. seers. FRA Ae eae 142 23 23 2s eae [eee 2m 8 = ae 

Average, single-unit trucks_-.-.---_] ----- — As 3 ee 7 Average, single-unit trucks______-- 10 2 2 OA! uke eae ee 
Tractor-truck and semitrailer__--_--- 99 78 60 27 9 1 Tractor-truck and semitrailer____-__- 184 137 102 41 15 1 
firmck-and trailet..-- 282. 54-220. 364 358 283 237 179 63 ierucksanditrailorssce coat eee ee 369 358 283 237 179 52 

Average, truck combinations_____- 114 94 73 39 19 5 Average, truck combinations. ______ 195 150 112 52 24 4 
Avg., all trucks and combinations_ __ 40 33 26 14 re 2 Avg., all trucks and combinations__- 75 54 41 20 8 1 

East South Central: East. South Central: 

AMO AnGupICk-UDso- === coe ea sede Soe = mes =e 4 39 Panelandipick-ap.- = =~. ose <a i ae ee BS ea bie ge © 2 bah 
Opnonmo-aties 4-tir6d= 2 2-2 so-easosee| Sl Se ite Bers gas, eas pe Other:2-axles4-tiredis geese tee eS se ee Es | eee Se 
Othen2-axle, 6-tired=- 9222-20 eal! oe $5 =o ar Ue ex Other:2-axile:.6-tirad...--5- 2 2 ee 4 3 1 ileal Kae 
Uschi sos yd (BeOS SS SER ee ee Oren ee 7 7 ae nae Lay ie WHree-Axlemer sake Pek ee 34 31 18 1), \ aS en, 2 ae¥ 

Average, single-unit trucks_-_-_---- ey a (2) (1) 3 =e poll AC Average, single-unit trucks. ___-__- Sas lah aie 1 LS, | ere oF: 
Tractor-truck and semitrailer-_------ 13 9 3 (1) (1) 3 Tractor-truck and semitrailer______-- 122 91 56 22 4 1 
Rerackana trailers. se soc. sk ee eeu| “tasee< sae Cae zpos f eS. Pruckandstraller ie a et fea es eee ell ee |S A | ee ee Cee 

Average, truck combinations_-__-- 13 9 3 (4) () a Average, truck combinations. ____- 122 91 56 22 4 1 
Avg., all trucks and combinations_-- 2 2 1 (1) (4) a Avg., all trucks and combinations___- 25 19 11 5 1 |) 

West North Central: West North Central: 

MEanciand pick -Wps.2 125-5 -- 25-222 ali h-c <> aie Bee Sep as = Paneland pick-ups sea ee see eee [ee Matt aay |e Sc ge LATE Ha Set lee Soe 
MILMeR oO -akdos4-tiredboe os. - eee OSS ay hs ae Bee nen oe ate pas Others 2-Axle,a-tire dee, see ere Sn te Rie ye |e Pee Oe ee cs See eee 
Other 2-axle, 6-tired 0 2s (1) (1) (1) (4) (4) Ls Other 2-axle,6-tired 2025322 =e 1 (4) (‘) (4) (eee. 
Bnroo-axiene ates es 2 WO ee 13 11 9 9 9 be BhreSaxio.y season eee aeons ote 32 27 25 9 (oT be be | 

Average, single-unit trucks__-__--__- Q) (4) (4) (1) (1) bs Average, single-unit trucks___--:__- 1 () (1) () (@onisceses 
Tractor-truck and semitrailer__------ 74 50 34 16 5 (!) Tractor-truck and semitrailer_--_----- 175 125 76 26 8 1 
sernck and travers ss 2-242. <-.52-.)/ se<25- ane aie a2 ae is. Truckiandstratier scot, |e ee De Mie See oe ape 2 Re i a 

Average, truck combinations__-__-_- 70 47 32 15 5 (4) Average, truck combinations-_-___- 165 118 72 25 8 1 

Aveg., al] trucks and combinations. _-- 15 10 7 3 1 (1) _Avg., all trucks and combinations. - 36 25 16 5 2 (1) 

West South Central: West South Central: 
amet nt Dickens t= 22.t a 20) sean ae mae ae tS as PANEL ANG DICK=U1 pe meee 2 eee ee tee oe es Bote | ey Re eS a os meee 
Minor 2-axiew4-tired--- seo ese. |. <-2-4 =e ae Ser soe Le Other 2eixle datired eats. seems sees od tee Se ee | eee lee a 
Gina c-amdeG- tired +5 es ost |) Slee oe pe ee mes ae Other 2-axle, 6-tired___/.-.--.--_._- 3 %, 2 fees Ee 
(ilargefotey. Ie\-23 alt 2 pe ee eee 12 aes He § eat aie. = ‘Vhreeraxle:+sesen to P ee es 2 29 18 18 TRG}. Ae 2 eye 

Average, single-unit trucks__--_-_-- (1) ae bps Bom ny ¥: Average, single-unit trucks_______- 2 1 1 Wales ee 33 EAS: 
Tractor-truck and semitrailer_____--_- 19 13 8 4 1 (1) Tractor-truck and semitrailer____-__- 100 79 45 21 7 if 
PeriICk onGatratlories ee 8a 5 32 32 32 32 32 16 ‘Lrack- andstraller .asse. = ee oe 97 97 32 32 a 16 

Average, truck combinations -___- 20 14 9 6 3 1 Average, truck combinations-_--__-- 100 80 44 22 9 2 
Avg., all trucks and combinations: -- 5 4 2 2 1 (4) Avg., all trucks and combinations___ 28 22 13 7 > 1 

Mountain: Mountain: 
ipaneland pick-Wwps6-9c-- {= oe ls }Y LoS ape aos ame ese Js Ranejiand DICK se emeiet 2 os Bene we een ook ee ofp oe eee 2 
pLnOr axle 4shirog= oreo set ef 8k aad ae ee it a4 OCH GI 255 Xe a tITOG eae ee tae Fhe en hee S| SEs | 5 eee oe ee et 
tnone-atiey G-tiredeces 2-220 SY oir oo “ER, Ao mers eae as Other.2-axle.6-tired ss. see ons oe das 4 4 3 1 Las tos 

MIT CO-AKIG a ee So 10 9 PPh est 4 De bree-axlesec2 sho 22 Lene er 3k 30 14 (i 6) 0 as Cpe nee Pins 

Average, single-unit trucks. ______- () (4) (4) AB Ss are =f Average, single-unit trucks-_------ 2 2 1 (1) als 

Tractor-truck and semitrailer_______- 78 65 46 22 10 1 Tractor-truck and semitrailer__-----_ ee Lb7 119 86 41 17 4 

Mrnck and gratler. »_..- 2-2 125 99 68 20 ad ie Truck and trailer_____-- Bh Ae, STE 161 136 98 se EE ee ze 
Average, truck combinations- - -_-- 85 70 49 22 8 1 Average, truck combinations-__- -__-- 158 122 88 39 14 3 
Avg., all trucks and combinations -_-- 15 12 9 4 1 (1) , _ Avg., all trucks and combinations-_- 30 23 16 7 2 1 
Pacific: ' Pacific: 
pAnouaAnd (ICkeUp2.-. 24-282 ecole anes sae me Ser eee Be. Panel and pick-up___----_- SSS pe dee RE a aire 8 a saa} a 2 8 ad = 
TEAC VES par St ee Bae ae Dee —s a ae a os OUereaxles 4-tireC see ee ye | ites fe Se abe S| Se AM bas 
PIUet ARO nt tied or =o-o2? . 22-S525)', jesse on st ss me te Other. Z-axie; 6-tireds- 22-45 10 8 6 4 jt a 

Mino Aax ee ore ee See oe A 14 13 5 oe eae a Phree-axlewet 5.2 coe ee eee 17 13 Cate Roe eae ea 3 

Average, single-unit trucks-- -_---- 3 3 1 = ape a8 aS Average, single-unit trucks--.----. 7 5 3 1 (1) = 

Tractor-truck and semitrailer__---_-- 187 143 103 33 13 3 Tractor-truck and semitrailer-_---_-- 217 164 117 39 14 3 
enickoand traner. ce 2.22 2S... 242 173 77 12 1 Es) Truck and-trailer- ce. = ose 300 196 90 14 1 Ae 

Average, truck combinations-_--__-_- * 209 155 93 25 8 2 Average, truck combinations_-___- 250 177 106 29 9 2 
Avyg., all trucks and combinations- _-- 72 54 32 8 3 1 Avg., all trucks and combinations__. 88 63 38 10 3 1 

United States average: United States average: 

Panaland pick-Upr-<.s 2.22... s2-2.| ---2- “is a pe nee 34 Panel and pick-Up 242s nose eae sano (1) | aateesale note 7e |b eee tyee eee 
ther pexieh4-tired_ no) 282}. 8s ___ esi: iG =e rd oes Other 2-axle, 4-tired__--..__._-._--__- (0) pt ae Ee [SES Te Pe 2 eee eer 
Other 2-axle, 6-tired..._._-..4__-____- (1) (4) (1) (4) (1) Q Other 2-axle, 6-tired____-2-.----..__. 9 7 6 4 2 (1) 
TUES | CRE De se Se eee Neca ee aR 17 14 7 1 (*) ie DHTCG AXIG aan eee ee ees 46 23 15 7 1 1 

Average, single-unit trucks_-__---- 1 1 () (1) () a Average, single-unit trucks_.--___- 7 5 4 2 1 () 

Tractor-truck and semitrailer__-_---- 77 57 42 17 7 1 Tractor-truck and semitrailer__---.-_ 195 151 110 52 23 5 
‘Prnck and trailer. 2.2. -- sls 209 163 91 42 26 9 Truck and tratlorvess0 2225522 se 255 187 102 43 26 8 

Average, truck combinations-____- 89 ‘67 46 19 9 2 Average, truck combinations-__-___- 200 154 109 51 23 5 

_ Avg., all trucks and combinations__-- 25 19 12 5 2 1 Avg., all trucks and combinations_-_ 59 45 32 15 7 1 

-1 Less than 5 per 10,000. 1 Less than 5 per 10,000. 
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Trends in Motor-Vehicle Travel, 1947 


BY THE DIVISION OF FINANCIAL AND ADMINISTRATIVE RESEARCH 
PUBLIC ROADS ADMINISTRATION 


Reported by G. P. St. CLAIR, Chief of Division 


Total travel of motor vehicles in 1947 is estimated as 371 billion vehicle-miles, 
of which 187 billion was on rural highways and 184 billion on urban roads and 
streets. . Passenger cars accounted for more than 300 billion vehicle-miles of the 


total, busses 4 billion, and trucks and combinations 66 billion. 
gory these totals were greater than in any previous year. 
exceeded that of 1946 by 9 percent and was I1 percent more than in 1941. 


In every cate- 
Total travel in 1947 
The 


increase in travel of trucks and combinations was more than twice that of pas- 
senger cars, the former rising in 1947 to 18 percent above 1946, the latter 7 percent. 
The average vehicle traveled 9,831 miles in 1947, using 746 gallons of gasoline at 


a rate of 13.19 miles per gallon. 


After the wartime decline, average annual auto- 


mobile travel rose in 1946 to7 percent more than the 1941 level, but in 1947 dropped 


back to 5 percent above 1941. 


Average annual truck travel, while showing a 


steady recovery, had in 1947 only reached 93 percent of the 1941 level. 
In addition to the 1947 data, this article reports estimated total motor-vehicle 
travel in the United States for the years 1921-47, with a segregation between rural 


and urban traffic from 1929 on. 


In these 26 years, total annual travel has risen 
from 55 billion to 371 billion vehicle-miles, an increase of 574 percent. 


Rural 


travel has gradually 1isen in proportion from 46 to 50 percent of the total. 
Although a respectable body of current data underlies the annual travel esti- 

mates, it is still necessary to base them fundamentally on the patterns deter- 

mined by the comprehensive traffic surveys made circa 1936. As the base period 


becomes more remote the hazards of this procedure increase. 


A new set of com- 


prehensive surveys is needed to provide a better foundation for the many prob- 
lems in highway planning, construction, and operation that lie ahead. 


HE SERIES of classified estimates of 

motor-vehicle travel in the United States 
reported in two previous articles in PuBuic 
Roaps ! is carried forward in this article for 
the year 1947. The procedures used in mak- 
ing these estimates were the same as those 
described in the two previous reports, the 
principal factors controlling the calculations 
being (1) the annual estimates of rural-road 
traffic described in another article in this issue 
of Puptic Roaps; (2) the annual reports of 
highway use of motor fuel; and (3) reported 
motor-vehicle registrations. As in the pre- 
vious calculations, the 1947 estimates were 
based on indicated changes from a previous 
year, the year 1946 being used as the base 
year in this instance. 

Table 1 reports, for the various classes of 
motor vehicles, the estimates for 1947 of rural, 
urban, and total vehicle-miles traveled, aver- 
age miles traveled and motor fuel consumed 
per vehicle, and average travel per gallon of 
motor fuel consumed. The numbers of regis- 
tered vehicles, as modified for the purpose of 
these estimates, are also given. The total 
travel of motor vehicles in 1947 is estimated 
as 371 billion vehicle-miles, of which 187 
billion were traveled on rural highways and 


1 Trends in motor-vehicle travel, 1936 to 1945, PUBLIc ROADs, 
vol. 24, No. 10, Oct.-Nov.-Dec. 1946, and Trends in motor- 
vehicle travel, 1946, PuBLIc ROADS, vol. 25, No. 3, March 1948, 
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184 billion on urban highways and streets. 
Passenger cars traveled approximately 300 
billion vehicle-miles, busses over 4 billion, and 
trucks and combinations 66 billion. For all 
vehicle types and for both rural and urban 


Table 1.—Classified estimate of motor-vehicle travel in the United States in the calendar 
; year 1947 






Motor-vehicle travel 





| 
| 
travel, these totals were greater than in any 






previous year. | 
Table 2 gives a comparison of the 1947 — 
vehicle-mile estimates with those for 1941 and 
1946. Total travel in 1947 was 11.2 percent — 
greater than in 1941, the maximum prewar 
year, and was 8.8 percent greater than in 1946. 
The relative increase of rural travel in 1947 
over that of 1946 was slightly greater than — 
that of urban travel. A similar but much _ 
greater contrast observed in the comparison — 
of the 1946 with the 1945 estimates! was 
attributed to the recovery from the restrictions 
of the war years, during which rural travel — 
suffered much greater reductions than did 
urban travel. The two successive compari- 
sons (expressed in percent) are as follows: 

1946 over 

1945 

Increase of rural travel__ 43. 2 

Increase of urban travel. 31.1 


1947 over — 
1946 @ 


9. 3m 
8.3 


In the comparison with 1941 values table 
2 shows that the relative increase in urban- 
travel, 12.5 percent, was greater than that in- 
rural travel, which was 9.9 percent. A later 
section of this report deals with the trends, 
over a period of years, in the relation between 
rural and urban travel. 

Both comparisons given in table 2 indicate 
that the relative increase in the travel of trucks 

















Vehicle type 


Rural 
travel 


Urban 
travel 





Million Million 
vehicle- vehicle- 
Passenger vehicles: miles miles 
Passenger cars 3__.___..____- 143, 662 156, 620 






Busses: 
Commercial___________- 1, 480 2, 080 
School and nonrevenue 2 621 70 


Motor-fuel Average 
Number | Average consumption Ca 
of er travel gallon 
tere per f f 
Total | vehicles!| vehicle | -potay2 Ce pred: a 
travel vehicle | sumed 











Million 

vehicle- Thou- Million 
miles sands Miles gallons | Gallons | Miles 
300, 282 30, 872 9, 727 20, 086 651 14. 95 


5. 00 


3, 560 89 , 
10.37 


691 87 


40, 000 712 
7, 989 66 770 








A] pusges 22) see ssee ¥ 2,101 2, 150 
158, 70 | 
25, 318 


184, 088 





All passenger vehicles. -___-_ 145, 763 






Trucks and combinations_-______| 40, 771 


All motor vehicles 186, 534 











1 These registration totals differ from those given in Public Roads Administration table MV-1 for 1947 because of the fol- 
lowing adjustments: (1) Approximate correction for defective classification in 4 States, as described in footnotes 9, 10, 13, and 
14 of that table; (2) inclusion of publicly owned vehicles, listed separately in table MV-1; (3) reduction of private and commer- 
cial truck registrations by 2.5 percent to allow for registrations in more than 1 State; and (4) substitution of bus totals as esti- 
mated by the bus industry to afford a complete segregation of commercial busses from school and nonrevenue busses and to 
allow for duplication because of registrations in more than 1 State. 

2 Total highway use of motor fuel in 1947 is given as 28,216 million gallons in Public Roads Administration table G-21. 
For this analysis there was deducted from that total 109 million gallons estimated use by motorcycles (250 gallons per motor- 


eycle). 
3 Including taxicabs. 






24, 201 778 
9, 809 20, 864 
9, 939 7, 243 
9,831 | ~ 28,107 


4, 251 176 
304, 533 | 31,048 
66, 089 6, 650 
370,622 | 37, 698 


5. 46 
14. 60 
9. 13 
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i ; Table 2.—Increase in motor-vehicle travel, 1947 compared with 1941 and 1946 for this great demand, two principal factors 
; can be discerned. First, the abnormal age 

" Percentage increase of travel— distribution of passenger cars resulting from 
the wartime cessation of production has pro- 

Vehicle type 1947 over 1941 1947 over 1946 duced a very large need for replacements. 


Second, the great rise in national income, and 
the penetration of relatively high incomes 
among what were formerly low-income groups 
in the labor and farm population has greatly 
broadened the base for the purchase of new 
and used passenger cars. Automobile produc- 
' tion was slow in gaining headway during the 
first two postwar years, and only in 1948 has 
anything approaching a maximum production 
rate been reached. In the face of great de- 
mand and short supply it is natural that the 
passenger cars on hand should be overworked, 
so to speak, with a resulting increase of average 
passenger-car mileage to values well above 


Rural Urban Total |» Rural Urban Total 
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1 Includes both passenger cars and busses. 


and combinations has been more than twice Because of the necessities of wartime freight 
that of passenger vehicles. The estimated transportation, the restrictions on passenger 
travel of trucks and combinations in 1947 was cars were much more severe than those on 
20.4 percent more than their travel in 1941, trucks; and the average mileage of passenger 
and 17.7 percent in excess of their 1946 travel; cars fell off to about 6,200 miles per year in 
the corresponding figures for passenger vehi- 19438, whereas the average for trucks fell only 
cles being 9.3 and 7.0 percent, respectively. slightly below 9,000 miles in the minimum fhoseiof tho prewar years 

This remarkable increase in truck traffic un- year, 1944. Reiter soni hate thie aahns capate we aha tor 
doubtedly reflects the sustained and increas- The trends during the postwar years appear diminished in 1947 is found in the fact that 
ing volume of business activity in the postwar to have been very different. The average mile- the estimated average annual mileage of these 
years. Reference to the article Trafic Trends age of passenger cars recovered very sharply in vehicles dropped from 9,942 miles in 1946 to 
on Rural Roads in 1947, also published in this 1945 and 1946; the value for the latter year 9 727 miles in 1947. This drop may be par- 
issue, will reveal the fact that the ton-miles of being nearly 10,000 miles per vehicle, a figure tate explained by the fact that a greater 
Beer» operation ontnain roads has increased: ~ considerably in excess of the prewar averages. number of vehicles were driven less than 12 
eet) apicly than the veluele-miles of “In. 1947 the value! fell: to.9,727- miles per months in 1947 than were so driven in 1946 
Boe stravel-* é' vehicle. In the case of trucks and combina- This fact becomes obvious when it is pointed 


tions, there has been a steady recovery, but t that th ; than 3 milli : 
AVERAGE ANNUAL MILEAGES , - S 2 ou a ere were more an muli10n new 
the 1947 value, 9,939 miles per vehicle, is con- passenger-car registrations in 1947, whereas 
Further comparisons of the travel character- Siderably below that of 10,739 miles in 1941 there were approximately 1.8 million in 1946.3 


istics of passenger cars and trucks are givenin nd slightly below that for 1936, It is probable, however, that with a materially 
figure 1 and table 3. Figure 1 compares the Some light on the peculiarities displayed in increased supply of passenger cars in 1947, 


average miles per year traveled by passenger figure 1 may be obtained by an examination the tendency to drive the average car a greater 
cars, as given by these annual estimates, with of the data set forth in table 3, which gives than normal mileage had begun to diminish. 
the corresponding values for trucks and com- __ for passenger cars and for trucks and combina- _ It is not unlikely that the trend toward some- 
binations. It will be observed that, for the tions the total vehicle-miles traveled, numbers what decreased average annual mileage of 
period from 1936 to 1941, the average annual registered, and average miles per vehicle for passenger cars will continue for a year or two 
_mileages of trucks and combinations were well the years 1936-47. Each of these quantities as a result of the greatly increased production 
‘above those of passenger cars, and that for is indexed against its value for the year 1941. of these vehicles. ; 
both vehicle types the values were increasing * Turning first to passenger cars, we find that The data for trucks indicate a very different 
at rather steady rates from year to year. Asa the total travel of these vehicles in 1947 was situation. It is shown in table 3 that the 
result of gasoline rationing and other restric- g.9 percent above the 1941 value. The num-_ travel of trucks and combinations in 1947 was 
tions during the war period, the average annual _ er registered, however, was only 4 percent 20.4 percent above the 1941 value. The 
mileages of both vehicle types fell off sharply. ahove 1941. The tremendous unsatisfied —————— 
it figures 4, 5, and 6 of above-cited article, and text, demand for passenger automobiles is a matter 
pp. 148-152. of common knowledge. Among the causes 





3 New passenger-car registrations, as reported by R. L. 
Polk and Company, and quoted in the Automobile Manu- 
facturers Association publication Automobile Facts and 
Figures, 1948 edition, p. 13, were 1,815,196 in 1946 and 3,167,231 


Table 3.—Comparison of total vehicle-miles, registrations, and average miles per vehicle, "1947. 
la 5 for passenger cars and for trucks and combinations, 1936-47 
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Passenger cars Trucks and combinations 
: COMBINATI 











Estimate of total 


° F ile 
reniclecniles Number Average miles 


Estimate of total Number Average miles 

























































































eee mike registered ! per vehicle 1 fraveledit registered ! per vehicle ! 
2) 
Ae aie PN ai el ib an Ca ay GPM [oi aa Nein ey oF 10 
Index Index Index Index Index = 
Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 | Amount | on 1941 
: value value value value value value a 
| SS Ee aaa peace cae Resa i = tes 
Thou- Thou- eo 
Millions sands Millions sands ° 
208,654 | 75.7 24, 201 8,622 .| 92.9 41,107 | 74.9 4,071 79.6 94.0 mue 
, 223,467 | 81.1 25, 490 5 8, 767 94. 4 44,151 | 80.4 4, 301 84.1 95.6 
224,174 | 81.3 25, 272 5 8, 871 95.5 44,495 | 81.1 4, 285 83.8 96. 7 
a 235,629 | 85.5 26, 252 8, 976 96.7 47,219 | 86.0 4, 495 87.9 97.8 
: 249,559 | 90.5 27, 488 9,079 97.8 49,927 | 91.0 4, 699 91.9 98. 9 
275,685 | 100.0 29, 691 9,285 | 100.0 54,891 | 100.0 5,112 | 100.0 00.0 
218,239 | 79.2 27, 970 : 7, 803 84.0 45,727 | 83.3 4, 762 93. 2 89.4 
161,788 | 58.7 26,005 -6 6, 221 67.0 41,594 | 75.8 4, 611 90. 2 84.0 2 
166,073 | 60.2 25, 562 6, 497 70.0 41,708 | 76.0 4, 642 90.8 83.7 1940 1945 
“a 199,185 | 72.3 | 25,789 7,724 | 83.2 | 45,909 | 83.6 | 4,956 | 96.9 86.3 1935 
; YEAR 
: 280, 457 | 101.7 28, 209 9,942 | 107.1 56, 146 | 102.3 5, 839 4.2 89.5 
_— . 300, 282 | 108.9 30, 872 9,727 | 104.8 66,089 | 120.4 6, 650 0.1 92. 6 Figure 1.—Trends in the average miles per 





vehicle traveled by passenger cars and by 


iy. 
i i j -vehi ! D - Dec. 1946; Trends in motor-vehicl . 
Py 1 Values as given in Trends in motor-vehicle travel, 1986 to 1945, PUBLIC ROADS, Oct.-Nov.-Dec. 1946; Tr i 01 icle Pietaica crt car bina tion: 


travel, 1946, PUBLIC ROADS, March 1948; and in table 1 of this article. 
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number registered, on the other hand, was 
30.1 percent above 1941. In contrast to the 
case of passenger cars, we find the supply of 
trucks, as evidenced by registrations, showing 
a greater relative increase than the demand for 
truck transportation as evidenced by vehicle- 
miles traveled. Although the truck-produc- 
tion figures indicate a continuing healthy 
demand for freight vehicles, it is quite evident 
that the shortage of supply is by no means as 
acute as in the case of passenger cars. It 
should be borne in mind that the increase in 
truck travel over 1941 values was more than 
twice the increase in passenger-car travel, and 
that, in terms of ton-miles of operation, the 
increase was even greater. In spite of these 
great increases, the rise in truck registrations 
was such that the large volume of increased 
business could be carried at an average mileage 
per vehicle lower than that of the prewar 
years. It is probable also that a considerable 


part of the increased truck registrations in- ° 


clude those of farmers, small business men, 
and trucking operators new to the field, all of 
whom would have a tendency toward low- 
mileage operation. 

Although the explanations given above tend 
to confirm the comparisons given in figure 1 
and table 3, there may be some disposition to 
question whether the accuracy of the estimates 
is such as to make these findings entirely ac- 
ceptable. It must be acknowledged that in- 
sufficient data are available to produce esti- 
mates which could be accepted as highly 
accurate. It is necessary ta use certain pro- 
cedures and certain assumptions that are not 
fully supported, and to carry forward.trends 
from year to year which may involve the 
continuation of past inaccuracies. It. is 
found, however, that where options exist in 
making the estimates, they do not lead to 
large deviations in the final results. If an 


arbitrary adjustment is attempted in order to 
eliminate an apparent inconsistency in one 
item, compensating adjustments in other items 
will produce greater inconsistencies than the 
one it is desired to remove. Although uncer- 
tainties as to the accuracy of the estimates 
must continue to exist until more adequate 
data are available, it is believed the findings 
are reasonably consistent and in harmony 
with discernible trends. d 


VEHICLE-MILE ESTIMATES, 1921-47 


In table 4 there are given values of the 
estimated total motor-vehicle travel in the 
United States for the years 1921-47. A seg- 
regation of these values between rural and 
urban traffic is given for the years 1929-47. 
Values from 1936 through 1946 were given in 


the two Pusiic Roaps articles previously 


referred to.4 The values for the earlier years 
have been given some currency but have not 
previously been published. 

Because of the fact that comprehensive 
studies of traffic and motor-vehicle use were 
not made prior to the State-wide highway 
planning survey period, for which 1936 is 
generally taken as the base year, it’ is not pos- 
sible at this late date to make accurate esti- 
mates of motor-vehicle travel for years prior 
to 1936. Estimates of total travel given in 
table 4 were obtained by applying to the values 
of total highway use of motor fuel given in the 
annual motor-fuel usage analysis (Public 
Roads Administration table G—21) the value 
of 13.984 miles per gallon, derived from the 
vehicle-mile estimates for the year 1936. 
Although this procedure is open to question, 
there exists no volume of data whereby an 
accurate trend in the variation of average 
miles per gallon for those earlier years could 


4 See footnote 1, p. 156. 


Table 4.—Estimate of motor-vehicle travel in the United States, 1921-47 ! 


Rural 


Urban Total 





Amount | Percentage 





Million 
vehicle-miles 





100, 571 
94 151 
95, 064 

103, 050 

110, 241 


122, 678 
132, 038 
134, 913 
143, 149 
152, 150 


169, 805 
128) 861 
97, 757 
100; 830 
119, 183 


170, 606 
186, 534 











Amount 


Million 
vehicle-miles 


107, 409 
111, 202 


115, 580 
106, 366 
105, 578 
112, 513 
118, 327 


129, 450 
138, 072 
136, 264 
142, 253 
149, 993 


163, 591 
138, 235 
108, 990 
110, 750 
129, 743 


170, 049 
184, 088 





Percentage} Amount 


Million 
vehicle-miles 

55, 027 

67, 697 

84, 995 

104, 838 

122, 346 


140, 735 
158, 453 
172, 856 
19%, 720 
206, 320 


216, 151 
200, 517 
200, 642 
215, 563 
228, 568 


252, 128 
270, 110 
271; 177 
285, 402 
302, 143 


333, 396 
267, 096 
206, 747 E 
211, 580 5 7 
248, 926 


340, 655 
370, 622 


Percentage 




















1 For years prior to 1936 values of total motor-vehicle travel were extrapolated with ‘the aid of motor-fuel consumption 


data, by assuming a constant value for average miles per gallon, e. g., 13.984 miles per gallon, the v 


estimate for 1936. 
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alue derived in making the 


be developed. The values given in table 4 
are without doubt sufficiently accurate for the 
purposes for which estimates of vehicle-miles 
traveled in years prior to 1936 are needed. 
The values of rural and urban travel given in 
table 4 were derived by extending backward 
to 1929 the trend in percentage relation of 
rural travel to total travel indicated by the 
analysis which led to the estimates of vehicle- — 
miles for the years 1936-41. Such a procedure — 
is also of questionable accuracy; and it was © 
felt that this estimated segregation between — 
rural and urban travel should not be carried — 
to years earlier than 1929. No classification 
of these earlier estimates by type of vehicle 
has been made. Reasonable values for a few — 
years prior to 1936 could probably be esti- © 
mated, but it is felt that no very useful purpose — 
would be served by making such estimates. 
The trend curves for total travel from 1921 — 
through 1947 and for rural and urban travel © 
from 1929 through 1947 are given in figure 2. 

















COMPARISON OF TRENDS IN MOTOR- ; 
FUEL USE AND RURAL HIGHWAY 
TRAVEL Fi 


Table 4 gives, for each year from 1929 — 
through 1947, the percentage distribution © 
between rural and urban travel. These values — 
indicate a steadily increasing proportion of — 
rural travel to total travel from 1929 through 2 
1941. The question may be raised whether — 
this indication reflects the findings of actual — 
data or whether assumptions have been made ~ 
in annual estimates which have produced an © 
artificial trend not confirmed by facts. The — 
comparisons given in table 5 and illustrated in — 
figure 3 throw some light on this question. 

Table 5 gives, for the years 1929-47, the 
Nation-wide totals of highway use of motor | 
fuel. These values are also expressed in the — 
form of an index and compared with the cor-_ 


Table 5.—Comparison of trends in highway | 
use of motor fuel and rural highway 
travel, 1929-47 


Indexes relative to 
1936 values 
Highway 
use.of 
motor fuel !} Highway 
use of 
motor fuel 


Rural 
highway 
travel 2 





Million 
gallons 
14, 139 
14, 754 





oon 
oe 


15, 457 
14, 339 
14, 348 


15, 415 
16, 345 


18, 099 
19, 455 
19, 612 
20, 714 
22; 001 


24, 192 
19, 940 
16, 004 
16, 430 
19, 149 


25, 649 
28, 216 


S SAAS 
PANS Sorowon 
SO ONAN AR ae 
COq~@~aI~10 ~ITd 
SPAS Pease 








1 See Highway Statistics, Swmmary to 1945, Public Roads 
Administration, 1947, p. 5; and table G—21, 1947. 
2 Derived from table 4, second column. 
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sponding index of the volume of rural travel, 
alculated from the data given in table 4. 
. ‘} e index values are based on the year 1936, 
shich is the year with which the annual vehi- 
-mile estimates began, and is generally 
taken as the base year of the comprehensive 
planning-survey studies. Both sets of indexes 
Yare plotted in the upper panel of figure 3. 
It will be observed that, for the years 1937-41, 
there is a gradual upward divergence of the 
rural travel index from that of total highway 
use of motor fuel. In other words, the slope of 
the rural traffic line is appreciably steeper than 
‘the slope of the motor-fuel consumption line. 
) These two sets of index values were derived 
from entirely independent data. The rural 
travel estimates are taken without change from 
)the annual calculations of rural travel based 
chiefly on the fixed automatic recorder data. 
) The values for total highway use of motor fuel 
J are obtained by an analysis of the reports of 
motor-fuel consumption submitted by the 
}several States. The motor-fuel data can be 
} taken as representative of total motor-vehicle 
travel, both rural and urban. This being 
| the case, the increase of the rural-travel index 
} relative to the motor-fuel-use index during the 
period 1931-41 is a definite indication that the 
percentage relation of rural travel to total 
} travel was rising during these years. 

The objection might be raised that changes 
} in average miles per gallon, as between rural 
} and urban use of motor vehicles, could account 
for the difference in the two trend lines. The 
|} loadometer studies on main rural roads indi- 
} cate that the gross loads and carried loads of 
trucks and combinations increased materially 
| during the period under study; but this 
| factor, rather than accounting for the differ- 
ence in trends, would work in the opposite 
i direction, since it would imply an increase in 
/ motor-fuel consumption on rural roads, 
ete to the total volume of rural travel. 
_ This positive indication for the period 
1936-41 lends support to the extrapolated 
_yalues for rural travel prior to 1936, which 
earry backward the same trend. Index 
values for the two graphs in figure 3 cross 
at the year 1936, but the steeper slope of the 
index of rural highway travel is plainly 
evident. The percentage relations of rural 
travel to total travel are shown graphically 
| in the lower panel of figure 3 and they indicate 
a gradual but steady rise in the relative 
--amount of rural travel from 1929 through 
| 1941. 

_ The indicated trend in the relation of rural 
| to urban travel is consistent with the generally 
‘known facts of highway and motor-vehicle 
history. In the early days of the motor ve- 
; hicle its ownership and use was confined 
| largely to the cities and their immediate sur- 
| roundings. As the network of improved rural 
| gradually developed, rural ownership 
creased and the radius of operation of urban 
Vehicles was greatly enlarged, with the result 
that the volume of rural travel began gradually 
to overtake that of urban travel. The plan- 
| ning-survey road-use studies, conducted in a 
large number of States during the period 
| 1935-39, indicated a Nation-wide distribution 
| of somewhat more than 50 percent rural travel. 
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Figure 2,—Estimated total motor-vehicle travel, 1921-47; estimated rural and urban travel, 
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Figure 3.—Trends in total highway use of motor fuel and rural highway travel. 
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The basic calculations for the annual vehicle- 
mile estimates, which depended more heavily 
upon the motor-vehicle-allocation and traffic 
studies than upon the road-use data, indicated 
slightly less than 50 percent rural travel in 
1936, with the value reaching 50 percent for 
the first time in 1939. 

As may be observed in figure 2, the decline 
in rural travel during the war period was much 
more severe than that in urban travel. This 
situation is reflected in figure 3 by the crossing 
of the index lines, the motor-fuel consumption 
index for the years 1942-45 being considerably 
above the index of rural travel. In the years 
1946 and 1947 the recovery of the two indexes 
has been along more or less parallel lines, but 
it is shown in the lower panel of figure 3 that 
the percentage of rural travel, although 
slightly greater than 50 percent in 1946 and 
1947, had not yet quite recovered to its prewar 
value. Whether it will do so in the next few 
years is conjectural. Purely from the stand- 
point of a return to normal trends such a 
result might be expected. On the other hand, 
there may have been permanent changes in 
the relative urbanization of the population 
which would tend to work against such a 
development. Furthermore, the current 
movement toward the relief of urban con- 
gestion may have the effect of causing a 
material increase of urban travel relative to 
total travel. y 


MORE ACCURATE AND COMPLETE 
DATA NEEDED 


The making of annual Nation-wide estimates 
of motor-vehicle travel has proved to be a use- 
ful activity, well worth continuing. The value 
of these estimates would be greatly enhanced 
if it were possible to subdivide the Nation-wide 
totals and averages into values for each State. 
Although vehicle-mile estimates are frequently 
made in individual States, it has not yet been 
found feasible to organize a procedure whereby 
each State highway department would make 
and report such estimates annually. 

Great difficulties attend the calculation of 
classified vehicle-mile estimates in an individ- 
ual State. The Nation-wide rural traffic 
analysis is based primarily on reports from 
about 660 continuous automatic recorders, an 
average of about 14 per State. Thisisarather 
slender sample on which to base an estimate of 
total vehicle-miles, even though reinforced by 
data from portable recorders, manual counts, 
and other sources. In calculating averages 
per vehicle difficulties are encountered in mak- 
ing allowances for the out-of-State travel of 
vehicles registered in the State and the travel 
within the State of vehicles from other States. 
In making use of motor-fuel consumption 
statistics similar allowances must be made for 
motor fuel purchased in one State and used in 
another. These obstacles are not insurmount- 
able, but they introduce sources of inaccuracy 
to which the calculation of Nation-wide esti- 
mates is not subject. 

Although a respectable body of data under- 
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lies the annual estimate of Nation-wide rural 
traffic volumes, it is still necessary to predicate 
the estimates of a given year on the sequence 
of values obtained for previous years, with the 
period of the comprehensive traffic surveys 
taken as the base. In other words, the volume 
of rural traffic data produced each year is not 
sufficient. to provide independent estimates 
for that year taken alone. As the base period 
becomes more and more remote the hazards 
of this procedure increase. With respect to 
urban traffic no comparable series of data 
exists; and Nation-wide estimates of urban 
travel can be obtained only by the device of 
estimating total travel with the aid of motor- 
fuel consumption data, and deducting there- 
from the estimated values of rural travel. 
Increasing recognition of the necessity to 
know about the characteristics of urban 
travel gives promise that a body of data on 
urban traffic, comparable to that now availa- 
ble in the field of rural traffic, will gradually 
be developed. 

It is unlikely, however, that at any time in 
the near future, continuous records of traffic 
volumes will be adequate for the making of 
independent estimates of total vehicle-miles— 
independent, that is, of the past sequence of 
such estimates and of such supporting data as 
the record of motor-fuel consumption. Ve- 
hicle-mile estimates are essentially a by- 
product that would not of itself justify large 
expenditures in highway research. Studies of 
traffic volume and composition, origins and 
destinations, and the patterns of highway 
travel have as their immediate objectives the 
solution of problems of highway location, 
geometric design, and traffic control. More 
broadly, they are concerned with the adapta- 
tion of the highway plant to the travel habits 
and needs of motor-vehicle users and the 
public generally ; and the coordination of high- 
way planning with land-use and other general 
planning. Finally, the data collected in this 
field should be adapted to the requirements of 
financial planning and the solution of highway 
tax problems. Estimates such as those de- 
scribed in this report are useful only as they 
further these main objectives, which do not 
necessarily require the maintenance of a con- 
tinuous annual record of large dimensions. 

Since it remains necessary to calculate 
annual estimates of travel volumes in terms of 
year-to-year changes, referred to a base period 
of comprehensive studies, it becomes impera- 
tive to consider whether a new base period 
should not be established. We cannot continue 
much longer to predicate an analysis of post- 
war patterns of highway use on estimated devi- 
ations from patterns found to exist circa 1936. 
A new deal in comprehensive planning-survey 
studies is called for. 

In the field of rural travel, definite progress 
is being made in the direction of comprehensive 
coverage. About 14 States have programs in 
operation or in the planning stage, which will 
realize or approximate the scope of the earlier 
State-wide studies, and thus establish a new 















































base period for rural traffic estimates. 
general, these programs call for coverage of the 
entire rural system over a short period of 
years, rather than for a single 1-year survey 
No such progress with respect to studies of 
urban travel, or the use of interview or ques- | 
tionnaire techniques to determine the distri- 
bution of all travel, can be reported. 

There can be no doubt of the general 
utility, in the solution of current highway 7 
problems, of a new supply of ‘‘strictly fresh” | 
data on the characteristics of motor-vehicle | 
travel. In the very important studies of high- 
way needs, both engineering and fiscal, that 
have been made in numerous States during 
the past few years, the investigators have been 
forced to rely on an inadequate body of infor- 
mation. A new set of comprehensive surveys 
would reinforce and give authority to the 
findings of these studies (although probably 
necessitating some modifications) ; and would 
provide a much better foundation for similar 
studies in States where they have not yet been 
made. 

Obviously the new studies of highway travel | 
patterns should not follow blindly in the path - 
of the old. Much has been learned about | 
highway research techniques since the days of 
the early planning surveys. Methods of © 
traffic counting, classification, and truck 
weighing have become highly developed; and © 
there is continuous study of the efficiency of 
sampling in this field. The early motor-_ 
vehicle-allocation and road-use surveys taught 
us much about how and how not to sample 
motor-vehicle travel habits. More recent 
developments in road-interview and home- 
interview origin-destination studies have 
forged new weapons of attack on basic highway 
problems. The intention here is not to offer 
a procedure for making comprehensive State- 
wide studies; but only to point out that the 
tools of data collection and analysis are ready 
to our hands. What is needed is careful, intel- 
ligent planning, with a shrewd eye on efficiency 
and economy in sampling, and a sober determi- 
nation to concentrate on essential facts. 

The necessity for using motor-vehicle 
registration and motor-fuel consumption data 
in making estimates of highway travel will 
continue. These data are matters of State 
record. Although the records themselves ean 
be improved, and efforts are being made in that 
direction, it is in their utilization that the 
weakness lies. In order to convert motor- 
fuel consumption figures into classified esti- 
mates of motor-vehicle travel it is necessary te 
use data on average miles per gallon developed 
in the early planning-survey studies, with 
only such corrections as can be devised tc 
account for known changes, such as the in 
creased operating loads of trucks and com: 
binations. In planning comprehensive State: 
wide studies of motor-vehicle use and trave 
characteristics, provision should be made foi 
obtaining accurate statistical averages of the 
rates of fuel consumption in vehicles of differ 
ent types and loadings. 


March 1949 ® PUBLIC RO 


U.S. GOVERNMENT PRIMTING OFFICE: 1949 





A complete list of the publications of the Public 
Roads Administration, classified according to sub- 
ject and including the more important articles in 
PUBLIC ROADS, may be obtained upon request 
addressed to Public Roads Administration, Federal 
Works Building, Washington 25, D. C. 


PUBLICATIONS 


of the Public Roads Administration 





The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
D.C. Please do not send orders to the Public Roads Ad- 


ministration. 


ANNUAL REPORTS 


(See also adjacent column) 


Reports of the Chief of the Bureau of Public Roads: 
1931, 10 cents. 1934, 10 cents. 1937, 10 cents. 
1932, 5 cents. 1935, 5 cents. 1938, 10 cents. 
1933, 5 cents. 1936, 10 cents. 1939, 10 cents. 


Work of the Public Roads Administration: 
1940, 10 cents. 1942, 10 cents. 1947, 20 cents. 
1941, 15 cents. 1946, 20 cents. 1948, 20 cents. 


HOUSE DOCUMENT NO. 462 


Part 1... Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 


Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 


Part 3... . Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5. . . Case Histories of Fatal Highway Accidents. 
10 cents. 


Part 6... The Accident-Prone Driver. 10 cents. 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor-Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 10 cents. 


Act IIl.—Uniform Motor-Vehicle Operators’ and Chauffeurs’ 
License Act. 10 cents. 


Act II1I.—Uniform Motor-Vehicle Civil Liability Act. 10 cents. 


Act IV.—Uniform Motor-Vehicle Safety Responsibility Act. 10 
cents. 


Act V.—Uniform Act Regulating Traffic on Highways. 20 cents. 
Model Traffic Ordinance. 15 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 265T . . . . Electrical Equipment on Movable Bridges. 
40 cents. 


Roadside Improvement. 10 cents. 

No. 272MP . Construction of Private Driveways. 10 cents. 
No. 1486D Highway Bridge Location. 15 cents. 
Highway Accidents. 10 cents. 

The Taxation of Motor Vehicles in 1932. 35 cents. 

Guides to Traffic Safety. 10 cents. 


An Economie and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


Highway Bond Calculations. 10 cents. 

Transition Curves for Highways. $1.25. 

Highways of History. 25 cents. 

Public Land Acquisition for Highway Purposes. 10 cents. 


No. 191MP . 


Public Control of Highway Access and Roadside Development 
(1947 revision). 35 cents. 


Tire Wear and Tire Failures on Various Road Surfaces. 10 cents. 
Legal Aspects of Controlling Highway Access. 15 cents. 

House Document No. 379. Interregional Highways. 75 cents. 
Highway Statistics, Summary to 1945. 40 cents. 

Highway Statistics, 1945. 35 cents. 

Highway Statistics, 1946. 50 cents. 

Highway Statistics, 1947. 45 cents. 


Principles of Highway Construction as Applied to Airports, 
Flight Strips, and Other Landing Areas for Aircraft. $1.50. 

Federal Legislation and Regulations Relating to Highway ;Con- 
struction. 40 cents. 


Manual on Uniform Traffic Control Devices for Streets and 
Highways. 50 cents. 


Specifications for Construction of Roads and Bridges in National 
Forests and National Parks (FP-41). $1.25. 





Single copies of the following publications may be obtained 
free upon request addressed to the Public Roads Adminis- 
tration. They are not sold by the Superintendent of 
Documents. 


ANNUAL REPORTS 


(See also adjacent column) 


Public Roads Administration Annual Reports: 
1948. 1944, 1945. 


MISCELLANEOUS PUBLICATIONS 


Road Work on Farm Outlets Needs Skill and Right Equipment. 
Indexes to Pusiic Roaps, volumes 17-23, inclusive. 
Bibliography on Highway Lighting. 

Bibliography on Highway Safety. 

Bibliography on Automobile Parking in the United States. 
Express Highways in the United States: a Bibliography. 
Bibliography on Land Acquisition for Public Roads. 


REPORTS IN COOPERATION WITH 
UNIVERSITY OF ILLINOIS 


No. 313. . . Tests of Plaster-Model Slabs Subjected to Con- 
centrated Loads. 

No. 3382. . . Analyses of Skew Slabs. 

No. 345. . . Ultimate Strength of Reinforced Concrete Beams 
as Related to the Plasticity Ratio of Concrete. 

No. 346. . . Highway Slab-Bridges With Curbs: Laboratory 
Tests and Proposed Design Method. 

No. 363. . . Study of Slab and Beam Highway Bridges. 
Partel: 

No. 369. . . Studies of Highway Skew Slab-Bridges with 
Curbs. Part I: Results of Analyses. 

No. 375. . . Studies of Slab and Beam Highway Bridges. 
Part. IT. 











QOITL «—- 31440 SNFANIDE INIHNERAOD “HON 

































































































































































































































































































































































n° OLE‘ OF GEQ*OLL*T |S*One* It | 950 OSL*¢08 | 6°0SL'h S90*L9T G29"eee |0°6le* HT TIVLOL 
5° LOT 39° Oe B°SH | Gite? TT6°Z ee [55 gl3*T 3°IS ory oong 
L't 909‘3T ccd 331°9 350" rT teh glT Th e°e BIquINJOD Jo 31ySIq 
£°09 096*2T S*St OGL‘T cles I Ge gtl*t Lt3°¢ G°ce oar 
7, cvcutmeen | BOO, Gammel Tiamat ment OouaT 066" T. £1  PEOL AA 
3°9SL 396'Lh G° Hee THe OT 22322 T° 6¢ Ore *T gest2 2°ca¢ UISUODST MA 
ogre 263 * 02 3°98 gTn'é 4169 3° 1S 6Lot2 C91 uae SIMIBALA 389M 
2° Ste een't nn TSG" he SGS66 eG 59e OnB 391*T "HET UOIBUTYSE AA 
T° 6h : iseet LOL h 69£ * OT G* OTT B18'2 TIL"S 6°S02 BIULL A 
0*SOT 1G 005*T STOSS | HTT) de STS — €€O'T Sky See eee 
ft" One €* HIT a9n't COL *h T°ST 93S 36L |6-stt wo 
O°ETL ST t°920°T g26'22 202 "hh 1°3S¢ 3S¢ *2T Gat*te |6*Le¢ Seer ee 
3° 199 2°92 | 1S9*6 6LS*st =| T° HST | —8t6°S | aB8"HT _ |S" one Nee tae 
“629°T 9°20n £06" gel*g G*4Se 296'T 998°2 °2l6 10xvC WNog 
£°99¢ L°o2 €ln'sS 193°O1 2°02 6£6 61L°T fh ee 
qe 2°tt €tg*t | £69°¢ 27g Grote 060° pes ee ad Boat 
t che HELO 349° 09 T*62 nZzo*S TOOT wruealAsuuag 
2°98T €* HIT gle'¢ o3'9 1°92 1S9'T Tee*¢ u08210 
3°369'T g:lne | 152" sigs |lrzon | olltc | 29S ___ ButoHELXO 
0° 005 : 2 T H60°SE TL g*TT Il he ono 
T°605°T BH3°9T 2° cee 9$3°2 €1H'S f° One 996°T ¢gg°e BOYLE WON 
1+ 693 16S gett | seetee te leor | otra —__wuttor¥5 sHH0N 
0°3%9 3° b9e 069*Le £93°3S T° 60T St2*02 9S ‘Th yo MAN 
2"ol¢ g°Ll £59'2 9ST 6°11 G69‘T G09°2 oneis oN 
n° L3 0°9¢ [ 996*2T 660'92 | 6° TT Semen Set * met: 
0°9n n° 9T ge5"*T 066*e 9°9 
T°1st 9°S9 BHI *2 1¢9%2 4° ST BPBArN 
T'690°T Ae iS°OKE Of * | £55°3 3°46 SATEEN 
ie T3l ( Ong : 3 9° BuBjUuOyWy 
Grltcat 6ee*st | £°C6T Da siting! 4. 
3°33 i 62g*qt | L° Tt perettear 
¢°9S3 h £9 it 4°69 pjosouuryy 
S*enl 3 6£3*TE t° 6HT ei kth. 
6°35 S 2T3‘st ub eo ee 
: tbl" OL pup Arey 
9° T0l Leh 6£2°S 9°31 oUrBy 
Ten 6 90 cl °CT [3-26 ’ bigest 
O°SCh HLO*ST £63°Tt Cn QO lemme |mi0c 0 Gmiemn | mCQOTOL 3° Ht Ayonquay 
T'S LtL‘Te £62°Eh S°T36 09S *TT Gt ‘ze L°949 she 
2°909'T | G2n* st 069 * 6¢ 9°69 | GlL‘L | 2en'gt | 6*L He pease 
B3C eee*le HITS” 006° OT HEIGICT 4 TG H83°TT vuvtpuy 
o*Sfe't Lg2' +S T29*30T One ‘02 CLTUCT HME hes Oc 361 *¢2 fasts 
2° H8h 69L*L g9f*2T 066*T H6O°e | Lt | BOL *h RMN Ste 3. 
g°1Se"t | t29*IT TeS*ne =| 3° 6 ¢le"9 B18.1095 
6*266 t00°¢ o69'L =| 4°09 2619 Seton 
2°43 €'2 060° Ltt | 1S6 Leb ee ee 
O°T nge't metOne O° TT 206°C ynayD9mU07 
g* 2a O2T*h THs*9 3° 06 TtS*2 Resch ad 
Onl _ G9L*92 Hhg’es |S°9f ol2* ot oS eo 
T° 01s Tht et ¢13*Se O° T2T 336°C o9n*l 6° 3) LEn°S ELEY 
*gOT £2°3 261°2t L°1s 265° g56'9 cat Lse*¢ TLL*h 2le*¢ Radical 
"12S TL*et¢ 206‘ he L°202 nO S$ HT3°6$ 3°16 939°S$ Gos * ITS 613" hT$ 
un 3s spun 3s) spun | 380: spun, 1s0D 
Hie | resapea | men oe | rws9po4 Imo, sale resoped | Imex, oo | resapod TOL | 
ALO AVA LAND NOLLOAALLSNOD Oe ee XINO GaNHVHOOW aamnvupouann | TEYIS 














WVADOUd AAILOV 


(saB]]joq puvsnoyy) 





SP6I ‘18 YAHNAOAC AO SV 


WVaOOdd AVMHOIH GIV-TVaAdAA JO SA.LV.LS 












PRS ee a mat amt 
hem. ry 
SA ithiey gine aH Hy 


a Soe 
os 


idtehelon ee 
SN AOD Oe 
vate 


eres : 


iran : re : SOR Sr As iegaiaes 

rev yy ek : inde J pee Dae OSS Rehr oy a 

pha eae oe : atc sete 

» - « i Nu » > a - giv (<tedeid otn 

7 : 9, vs ¢ a : ; - 4 : x = a | ~ = : Wt eae bs 

othe aie Sat be) Aa at viet) ¥ Ss aie spoentnd sé . : ; . . . 

na ‘ ; : : 3 : r aa . 

a : 


abt bdee * 
Phy we ata. ae 
nivban ota F bibiue ie ete 
Pb SITS wD WN ae Peles PPR IEE a oh Fey ed 
en ae r 
=~ 


PS RO td 
RPO Oe 





